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Foreword 





Foreword 





The chief aim of the author in the preparation of this book on 
iviathematics, is to present the subject in all its branches in a way 
so different from that usually employed, as to render a difficult 
subject not only easy but interesting. 


It is suggested that the student when using this book have at 
hand a pencil and blank sheets of paper. In this way the book 
can be picked up for 15 or 20 minutes at a time and one subject 
after another mastered. 


To master a subject, the student's interest must be aroused, 
and to this end the author has exhausted every means of unusual and 
forceful presentation that he could devise. 


To impress the fundamentals upon the mind thoroughly, the 
explanations are further brought out by illustrations of an excep- 
tional and totally unexpected character. . 


The subjects are presented concisely and progressively to 
higher mathematics with calculations covering a great variety of 
important subjects. 
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The general arrangement of the book comprises: principal 
divisions of practical mathematics with sub-classifications and 
illustrations presented in a step by step easily understood manner 
such as to arouse the interest of the student. 


This book with its entirely different manner of presentation, 
it is hoped will inspire a wider interest in mathematics, because it 
puts at the student's fingers ends a greater knowledge of applied 
rnathematics, simplified for home study and ready reference. 


The slide rule will be found very useful, especially to those 
who have to make many calculations. It is explained in this 
book in such a simple manner that it can be mastered in a very 
short time. 


The author desires to express his appreciation: 


To M. E. Guissinger for capable assistance in checking calcu- 
lations, etc. 


To E. K. Watson for efficient help on make up, checking of 
pages, etc. 


Also to J. J. O'Riordan for efficient type setting, collating and 
make up. 


—-The Author. 
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How to Use This Index 





Get the habit of using this Index. It will quickly reveal a 
vast mine of valuable information. 


In using this index, it should be noted that the book is divided 
into four sections indicated by the letters A. B, C, D, that is: 


Section A. Mathematics 
“ B. Electrical Calculations 
“ ÇC. Mechanical Calculations 
“ D. Slide Rule 


Accordingly the references in the index are given with both 
the section letter and page number thus: 


Мадпе! саїси!а!їоп$....................... B27 


which means that the item will be found in the second or B 
section on page 27. 


The index will be found a valuable guide for quickly 
finding any item relating to mathematics, electrical and 
mechanical calculations and the slide rule. 


“An hour with a book would have brought to your mind, 
The secret that took the whole year to find; 

The facts that you learned al enormous expense, 
Were all on a library shelf to commence.” 
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CHAPTER 1 


Arithmetic 


Arithmetic is the science of numbers and the art of reaching 
sesulis by their use. 


Signs and Abbreviations.—The various processes in math. 
ematics to be performed are usually indicated by signs, both 
for convenience and brevity; for instance, 24 means that 2 
is to be multiplied by 4. 

The table on page 2 gives the numerous signs and abbrevia- 
tions commonly used. 


Definitions 


Abstract Number.—One that is not applied to any object; as four, six, 
Addition.—The process of finding the sum of two or more numbers. 


Aliquot Part.—Contained in another number an integral number oí 
times. Thus 614, 10, 12% are aliquot parts of 100. 


Alligation.—The method of finding the proportion and relation of 
prices of the various ingredients of a mixture. 


Amount.—The sum total of numbers or quantities. 
Analysis.—The process of resolving a problem into its first elements. 
Antecedent.—The first term, or dividend, of a ratio. 


Area.—The number of square units contained in a surface. 


Ма 


2 Arithmetic 


Signs and Symbols ` 


++ plus (addition) [] square 
T positive O circle 
- minus (subtraction) © degrees 


negative / minutes or feet 
plus or minus /^ seconds or inches 


minus or plus 


— 
— 
ae 


) parentheses 


See X -HH I 


equals [ Е 
multiplied by — vinculum 
3 у 2 2 two squared 
divided by 
23 "  cubed 
ү ТІ 3.1416 
square root 
3 Tt 7854 
V cube root 4 


e isto ee as e is to ф per cent 
peer Ger л log e hyperbolic logarithm | 
— less than oo infinity . 
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Average.—The calculated mean of several amounts; the number which 

can be put for each of them without changing their sum. 


Base.—The number, in calculating percentage, of which the per cent 
is taken. Е 


Board Measure.—A unit for measuring lumber being a volume of a 
board 12 ins. wide, 1 ft. long and 1 in. thick. 


Cancellation.—The striking out of a common factor from the numer- 
ator and,denominator. 





Circle.—A plane figure bounded by a curved line, called the circum- 
ference, every point of which is equally distant from a point within called 
the center. 


Circulating Decimal.—A decimal in which a figure or set of figures 
is constantly repeated in the same order; a recurring decimal. 


Common Denominator.—A denominator common to two or more 
fractions. 


Common Divisor.—A factor common to two or more numbers. 


Common Multiple.—A number exactly divisible by two or more 
numbers. 


Complex Fraction.—One whose numerator or denominator is a frac- 
tion. 


Composite Number.—A number which can be exactly divided by other 
integers besides itself and one. 


Compound Fraction.—A fraction of a fraction. 


Compound Numbers.- Units of two or more denominations of the 
same kind. 


Compound Quantity.—A quantity expressed in two or more de- 
nominations, as 3 qts., 1 pt. 


Concrete Number.—A number used to designate objects or quantities. 
Consequent.—The second term, or divisor, of a ratio. 

Couplet.—A ratio, or each member of a proportion. 

Cube.—The third power of a quantity. 

Cube Root.—One of the three equal factors of a number. 
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Cubic Measure.—A measure of. volume involving three dimensions: 
length, breadth and thickness. 


Currency.—The current medium of exchange in commerce and trade; 
coin, bank notes, etc. 


Decimal Scale.—One in which the order of progression is uniformly ten. 


Decimal Fraction.—One or more of the decimal divisions of a unit; 
also called decimal. 


Denomination.—Name of the units of a concrete number* 


Diameter of Circle.—A straight line passing through the center and 
terminating at the circumference. 

Difference.—The number found by subtraction. К 

Division.—The process of determining how many times one number 
is contained in another of the same kind. 


Duodecimals.—Method of computing in divisions of 12; as fractions 
of a foot formed by dividing by 12 successively; as 4/12, !/1«, etc. 


Equetion.—A statement of equality between two expressions or num- 
bers. 


Equivalent.—Equal in value. 
Even Number.—One that can be exactly divided by two. 
Evolution. —The process of finding the root of a number. 


Exact Divisor.—A whole number that will divide a number without a 
remainder. 


Exponent.—A small figure placed at the upper right of a number in- 
dicating how many times the number is to be taken as a factor. 


Extremes.—The first and fourth terms of a proportion. 


Factor.—One of two or more quantities which, when multiplied to- 
gether, produce a given quantity. 


Figure.—Any of the nine digits or cipher. 


Finite Decimal.—A decimal that has no recurring figures; one that 
terminates with the written figures. 


Fraction.— A number which expresses equal parts of a unit or quantity 
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Fractional Unit.—One of the equal parts into which any integral unit 
may be divided. 


Greatest Common Divisor.—The greatest number that will exactly 
divide two or more numbers. 


Improper Fraction.—A fraction in which the numerator is equal to 
or exceeds the denominator. 


Incommensurable Quantities.—Quantities that are not measured by 
the same standard. 


Index.—A small figure written at the left and above the radical sign 
indicating the root to be extracted of the number under the radical sign. 


Integers.—Numbers which represent whole things. Numbers are either 
integral, fractional or mixed. 


Involution.—The multiplication of a quantity by itself any number of 
times; raising a number to a given power. 


Least Common Denominator.—The least common multiple to which 
the denominators of two or more fractions can be reduced. 


Least Common Multiple.—Least number that is exactly divisible by 
two or more numbers. 


Like Numbers.—Numbers which represent the same kind of quantity. 


Long Division.—The method of dividing a number by another number 
of two or more figures and indicating the process in full. 


Mean Proportional.—A number that is both the second and third 
terms of a proportion. 


Means.—The second and third terms of a proportion. 


Measure.—That by which the extent, quantity, capacity, volume or 
dimensions in general are ascertained by some fixed standard. 


Mensuration.—The process of measuring. 


Metric System. —A decimal system employing as a unit of measure 
the meter which is equal to 39. 37079 inches. The unit of capacity is the 
liter and of weight, the gram. 


Minuend.—The larger number, in subtraction, from which the sub- 
trahend is taken. 
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м ixed Number.—A whole number and fraction combined. 


Multiple of a Number.—Any number exactly divisible by that num- 
ber. 


Multiplicand.—The number to be multiplied. 


Multiplication.—The process of taking a number a given number of 
times. 


Multiplier.—The number denoting how many times the multiplicand 
— is to be taken. 


Notation.—A system in which numbers are expressed by symbols. 
Number.—A group of digits indicating how many times a unit is taken. 
Numeration.—The system of reading numbers. 

Odd Numbers.—Numbers not exactly divisible by 2. 
Percentage.—One or more hundredths of a number. 
Perimeter.— The length of the boundary line of a plane figure. 


` Period. —One of the groups into which a number is divided, as wlien 
a root is to be extracted. 


Power of a Number.—The product obtained by using the number 
a given number of times as a factor. 


Prime Number.—A number that cannot be exactly divided by any 
number except itself and one. Numbers are prime to each other when 
they have no common factor. 

Product.—The result of multiplying. 

Proportion.—An equation expressing equality of ratios. 

Quantity.—That which can be increased, diminished or measured. 

Quotient.—-The result of division. 

Ratio.—The relation between two numbers of the same kind. 

Reciprocal of a Number.—One divided by that number. 


Reduction.—Changing terms of a problem into other terms of equiva- 
lent value to make it easier to solve. 
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Remainder.—The number found by subtracting. 
Repetend.—A figure or set of figures continually repeated. 
Root.—One of the equal factors of a number. 

Rule.—The statement of a method. 

Scale.—Order of progression on which any system of notation is founded. 
Short Division.—Process of dividing by numbers less than 12. 
Significant Figure.—Any figure except a cipher. 
Solution.—The process of obtaining the answer. 

Square Root.—One of the two equal factors of a number. 
Subtraction.—The process of taking one number from another. 
Subtrahend.—The number to be taken from the minuend. 
Sum.—The result of addition. 


Surd.—An indicated root that cannot be extracted. A quantity that 
cannot be expressed in figures. 


Surface.—A magnitude having length and breadth. 


Unit.—The standard by which separate things are counted or meas- 
ured, A single thing or a definite quantity. 


Unity.—Unit of an abstract number. 


Uniform Scale.—One in which the order of progression is the same 
throughout the entire succession of units. 


Unlike Numbers.—Numbérs used to express different kinds of quan- 
tities. 


Varying Scale.—One in which the order of progression: is not the same 
throughout the entire succession of units. 


Volume.— The contents, or amount of space included within the boun- 
dary surfaces of a solid. 


Notation.—By definition, notation in arithmetic is the writ- 
ing down of a figure or figures to express a number. There 
are two systems of notation. 


1. Roman; 2. Arabic. 
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Roman System.—In this method numbers are expressed by 
means of letters. It is so called’ because it was used by the 
ancient Romans. It is now occasionally used, as in the Bible, 
for chapter headings, corner stones, etc. 


ROMAN TABLE 


I denotes One XII denotes Twelve L denotes Fifty 
II denotes Two XIII denotes Thirteen LX denotes Sixty 
ТИ denotes Three XIV denotes Fourteen LXX denotes Seventy 
IV denotes Four XV denotes Fifteen LXXX denotes Eighty 
V denotes Five XVI denotes Sixteen XC denotes Ninety 
VI denotes Six XVII denotes Seventeen C denotes One hundred 
VII denotes Seven XVIII denotes Eighteen D denotes Five hundred 
VIII dénotes Eight XIX denotes Nineteen M denotes One thousand 
IX. denotes Nine XX denotes Twenty X denotes Ten thousand 
X denotes Ten XXX: denotes Thirty M denotes One milli 
XI denotes Eleven XL denotes Forty епогев ~ по n 


In the Roman notation, when any character is placed at the right hand of а larger numeral. 
its value is added to that of such numeral; as, VI, that is, V + I; XV, that is, X + У; МР, 
thatis, М + D; andthelike. I, X, and rarely C, are also placed at the left hand of other and 
Jarger numerals, and when so situated their value is subtracted from that of such numerals 
as, IV, that is, V — 1; XC, that is, C — X; and the like. Formerly the smaller figure was 
sometimes repeated in such a position twice, its value being in such cases subtracted from the 
larger; as, IIX, that is, X — II. X XC, that is, C — XX; and the like. Sometimes after thc 
sign IO for D, the character O wàs repeated one or more times, each repetition having the effect 
of multiplying IO by ten:as I2O, 5,000; 1229, 50,000; and the like. To represent numbers 
twice as great as tnese, C was repeated as many times before the stroke I, as the Ə was after it; 
as, CCIOD, 10,000; CCCIOOO, 100,000; and the like. The ridiculous custom of using 
the Roman notation for chapter numbers, year of copyright, sections, etc., should be discon- 
tinued. 


Arabic System.—In this system ten figures are used to ex- 
press numbers. The figures are: 


0123456789 


From left to right these figures are called: cipher, one, two, 
three, four, five, six, seven, eight, nine. 

With exception of the cipher, these figures are called sig- 
uyicant figures because each has a value of its own. They 
are also called digits. 
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Figures have two values: 


1. Simple; 
2. Local. 


The simple value of a figure is its value taken alone, thus: 
1. 2. 3. 


The local value of a figure is its value when used with an- 
other figure or figures, thus: 


12. 23. 475. 


When two or more figures are used together, the position 
of each figure relative to the other figure or figures is called 
its place or order, thus: | 


SECOND ORDER FIRST ORDER 
When one of the figures stands by itself, it is called a unit; 


but if two of them stand together, the right hand one is still 
called a unit, but the left hand one is called tens, thus: 


Fic. 1.—Analysis of the number 12. 
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Again, if three figures stand together, the left hand one is 
called hundreds. 


HUNDREDS, TENS UNITS 


41715 


Fic. 3.—Analysis of the number 475. 


NUMERATE THE Figures 
«< THIS WAY 






10 У o 

oo a a o 
0 uz 2 2 О 
z са za < a 
2 25 uid 5 о v o 
= Zo FO о z Z Е 
= II I E 2 ш 2 
= Е Е F I H 


11212|3141715 


READ THE FIGUR 


THIS WAY - 


Fic. 4.—Large number illustrating how to numerate. 






The number 12 (twelve) is a collection of 2 units and one 
set of ten units, thus: 


TEN PENNIES n pane PENNIES 
вевод өө 
өөөөе 

ONE set о, 


OF TEN UNITS 
Fic. 5.—Analysis of the number 12. 
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The number 23 (twenty-three) is a collection of 3 units and 
two sets of ten units, thus: 


TWO DIMES THREE PENNIES 
<= 
Ө 





TWO SETS 
OF TEN UNITS ——~ 
Fic. 6.—Further analysis of the number 23. 


THREE UNITS 


In this way various numbers are expressed, thus:: 


Eleven, опе еп апд опе, із expréssed by 11. 
‘Twelve, one ten andtwo, is expressed by 12. 
Thirteen, one ten and three, is expressed by 13. 
Fourteen, one ten andfour, is expressed by 14. 
Fifteen, ^ one ten and five, is expressed by 15. 
Sixteen, one ten and six, is expressed by 16. 
Seventeen, one ten and seven, is expressed by 17. 
Eighteen, one ten and eight, is expressed by 18. 
Nineteen, one ten and nine, is expressed by 19. 
Twenty-one, two- tens and one, is expressed by 21. 
Twenty-two, two tens and two, is expressed by 22. 
Forty-three, four tens and three, is expressed by 43. 
Fifty-four, five tens and four, is expressed by 54. 
' Sixty-five, віх tens and five, is expressed by 65. 


In order to easily read large numbers made up of many 
figures they are divided by commas into periods. A period 
is a group of figures containing the hundreds, tens or units 
of any denomination. Periods are separated by commas, thus: 
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THIRD PERIOD SECOND PERIOD FIRST PERIOD 





MILLIONS THOUSANDS HUNDREDS 


Fic. 7.—Method of placing commas in large numbers. 


the number being read thus: one hundred and eighty-one mil- 
lion, two hundred and twenty-three thousand, four hundred 
and seventy-five. 


Scheme of Arithmetic.—An interesting notion of what arith- 
metic consists of as given in Funk & Wagnall’s Standard Dic- 
tionary is shown on page 13. 


The following 10 formule include the elementary operations 
of arithmetic. 


The sum=all the parts added. 

The difference =the minuend —the subtrahend. 
The minuend =the subtrahend+-the difference. 
The subtrahend =the minuend —the difference. 
The product =the multiplicand xthe multiplier. 
The multiplicand =the product the multiplier. 
The multiplier =the product the multiplicand. 
The quotient =the dividend -the divisor. 

The dividend =the quotient x the divisor. 

-The divisor =the dividend -the quotient. 


аера men m OAN Ез 


p= 
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Scheme of Arithmetic 
Notation 
Basis —1 — unit 
Arithmetic Alphabet 
0123456789 





Increased Diminished 
By tens By tens | 
1, 10, 100, 1,000, etc. 1, .1, .01, .001, etc. 
By varying scales By varying scales 
1 02. 11b. 1 смі. и VE 34 oz, 11/55 etc. 
1 pt. 1 qt. 1 gal. lélb.  ?/g oz. 3% cwt. 
lin. 1 ft. 1 yd. etc. 


According lo the Four Ground Rules 


Addition Multiplication 
Subtraction Division 
By involution (powers) By evolution (roots) . 


Relations Expressed by 





Ratios 2:3 5:6 8:9 etc. 
Proportion (equality of ratios) 2 : 3 : : 4 : 6 etc. 





Practical Applications 


Percentage, interest, profit and loss, reduction of weights and measures, 
mensuration. etc. 
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Addition 
Symbol ma ds 


Addition.—Uniting two or more numbers or groups of objects 
of the same kind into one is called addition, and the number 
obtained by adding is called the sum. 

The sign of addition is + and is read “plus thus 7 + 3 is 
read “‘seven plus three.” 


Rule A.—Write the numbers to be added so that like orders of 
units stand in the same column. 


B.—Commencing with the lowest order, or at the right hand, 
add each. column separately, and if the sum can be expressed by 
one figure, write il under the column added. 


C.—If ihe sum of any column contain more than one figure, 
write the unit figure under the column added, and add the remain- 
ing figure or figures to the next column. 


EXAMPLES FOR PRACTICE 





7,060 248,124 13,579,802 
9,420 4,321 93 
1,743 889,866 478,652 
4,004 457,902 87,547,289 
22,227 Ans. А 


—— не 
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Addition Table 


2 and | 3 and 4 and 


1 are 3 1 are 
4| 0-4 


1 cre 
2 “ 


4 
5 
[1] 6 с 
7 
8 
9 


о ото Qt 4 о WwW 


14 


9 and 


1 are 


© go e: C) Qu d Co WD ~ 


— 
e 
Im 
> 


Example.—Find the sum of 12, 23 and 475. 
The rules are applied as in figs. 8 to 11: 





10 
11 
12 


13 


14 
15 
16 
17 
18 
19 


5 
6 
7 
i 
9 


1 are ll 
12 

13 

14 

15 


16] 


17 
18 
19 
20 
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16 Ане 
IST STEP 2ND STEP 3ROSTEP 
HUNDREDS 
TENS UNITS 


12 12 12 
23 23 23 
475 475 475 


4TH STEP senes LS 
FIGURE 

12 “= 

FIRST 

COLUMN 


2 3 RULE C-ADD THE 


REMAINING FIGURE 


4 7 5 TO TENS COLUMN. 
Qe RIJLE C-ADD REMAINING 








FIGURE TO HUNDREDS COLUMN 
5 1 О Fics. 8 to 11.—Example in addition. 
HUNDREDS Use gredt care in placing the 
TENS UNITS numbers in vertical lines, as 
| 1 ADDITION OF irregularity in writing them is 
one cause of mistakes. 





To check the addition, add 
ADDITION OF 


1 О 28° COLUMN each column; arrange the sev- . 
Е eral sums according to place, 
4 TURD OLUM and add the several sums so 


arranged, as shown in fig. 12. 


5 1 О Fic. 12.—Method of checking example given 
in figs. 8 to 11. 
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Subtraction 
Symbol 7 ванни 


By definition, subtraction is the process of taking one num- 
ber called the subtrahend from another number called the min- 
uend. The result thus obtained, or “difference” between the 
two numbers, is called the remainder, thus: 


10 minuend 
7 subtrahend 


3 remainder. 


that is, 7 subtracted from 10 leaves a remainder of 3. It 
may also be expressed as: 


10—7=3 
that, is, 10 minus 7 equals 3. 
To subtract one number from another proceed as follows: 


Rule—A. Write down the sum so that the untts stand under 
the units, the tens under the tens, etc., etc. 


B. Begin with the units, and take the under from the upper 
figure, and put the remainder beneath the line. 


C. But if the lower figure be the larger, add ten 40 the upper 
Figure, and then subtract and put the remainder down—this 
borrowed ten must be deducted from the next column of figures 
where it is represented by 1. 
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Subtraction Table 









1 from 2 from 98 from 4 from 5 from 






1 leaves0| 2leavesO0| 3 Јевтево| 4 leaves 0| 5 leaves 0 











а OB eet 
g «gla #э|5 “2|6 “2901 “2 
ана ар в озуу вв о 
pon oce emt ssec ug 
e “sly «ojs “sjo “sjo “g 
y «ela «elo “ejo “eju “6 
пою сом т о 
9 « glio « sjir “ 8|12 “ 8/13 “8 
10 « 9111 ~ 9/12 “ э|з “9н “9 
1 “10]12 «10/13 “10|14 “10 10 










SS ee == == и 


6 from 7 from 8 from 9 from 10 from 
6 leaves 0 | 7 Іеатев0 | 8 Іеатев 0 | 9 leaves 0 | 10 leaves 0 



































y “alg «ajo “ajio “ 1/21 - 
g «|9 « 2110 зи « 312 
о « 3110 “зи “31 “ 3 
10 < 4111 “ 4/12 “4\13 “ 4114 
11 5115 9 513 «“ 5|14 “5 
6|13 <“ 614 “ 6116 “6 
7114 <“ 715 “1116 “7 
8115 “ 8116 “ 8|17 “ 8 
olig « 9117 «“ 9118 “9 
| 10 | 19 
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Example.—Subtract 12 from 23: 


23 
12 
1 


Here, two units from three units leaves one unit, and one 
ten from two tens leaves one ten. 


Example.—Subtract 275 from 928: 


928 

275 

653 
First subtract 5 units from 8 units which leaves 3 units for the firet 
column remainder. As 7 tens cannot be taken from 2 tens, borrow one 
of the 9 hundreds and change it to tens which equals 10 tens. Add the 
two tens which makes 12 tens. Take 7 tens from 12 tens which leaves 
5 tens for the second column remainder. Since 1 hundred was borrowed 


from the hundred column, there are 8 hundreds left. 2 from 8 leaves 6 
for the third column remainder; the total remainder being 653. 


Another method is as follows: 


First subtract 5 units from 8 units, and obtain 3 units for 
a partial remainder. As 7 tens cannot be taken from 2 tens, add 
10 tens to the 2 tens, making 12 tens; then 7 tens from 12 tens 
leave 5 tens, the second partial remainder. Now since 10 tens, 
or 1 hundred, has been added to the minuend, add 1 hundred 
to the subtrahend, and the true remainder will not be changed; 
thus, 1 hundred added to 2 hundreds makes 3 hundreds, and 
this sum subtracted from 9 hundreds leaves 6 hundreds; the 
total remainder being 653. 





NOTE.—The process of taking ten from one column of the minuend and adding it to the 
next column is sometimes called borrowing, and that of adding 1 to the next figure of the subtra- 
hend is called carrying 1. 
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To check the subtraction, add ihe remainder to the subtrahend and if the 
remainder be correct the sum will be equal to the minuend. 


Examples for Practice 


892 2,572 9,999 
_46 1,586 8,971 


846 remainder. 
Multiplication 
Symbol pt" X 


By definition, multiplication consists in taking one of two 
given numbers as many times as there are units in the other. 


The number to be multiplied or increased is called the 
multiplicand; the number by which the multiplicand is multi- 
plied is called the multiplier; and the result thus obtained, the 
product. | 


The multiplier and multiplicand which produce the product 
are called its factors. This is a word frequently used in math- 
ematical works and its meaning should be remembered. 


The sign of multiplication is X and is read “times” or mul- 
tiplied by; thus 6 x 8 is read, 6 times 8 is 48, or, 6 multiplied 
by 8 is 48. 


The principle of multiplication is the same as addition, thus 
3 X 8 = 24is the same as 8 + 8 + 8 = 24. 


Rule.— Place the unit figure of the multiplier under the urii 
figure of ihe multiplicand. Thus: - 


о о сз Co Qt s» wo we 


© со =з с› © нһ © 39 з 


ав 
э © 
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єс 
с 
" 
“10 
“її 
«12 


7 times 


1 are? 


6 
7 
8 
9 
10 
11 
12 


«€ 14 
«€ 21. 


«98 


«е 35 
« 42 
« 49 
* 56 


«€ 83 | 


ce 70 
«€ 77 
“ 84 
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Multiplication Table 


2 times 
1 are 2 
264 
1676 
“8 

** 10 

** 12 

46 14 

* 16 

** 18 

10 '*20 
11 **32 
12 94 


8 times 
1 are 8 
2 16 
324 
4 39 
B **40 
** 48 
** 56 
** 64 
«72 
** 80 | 10 
** 88 | 11 
** 96 | 12 





4 times | 5 times | 6 times 
lare 4) Lara 5| lare 6 
2“ 812 «101 2 “12 
3 “12| 3 *15| 8 “18 
4 **16| 4 90| 4 **24 
b *20| 5 **25| 5 **80 
6 **241 6 '*30| 6 86 
7 *28| 7 *35| 7 42 
8 «32| 8 «“40| 8 «48 
9 361 9 **45, 9 «54 
10 **40,10 “50110 “60 
11 **44|11 **55|11 **66 


112 «48112 «60112 * 72 


10 times | 11 times | 12 times 
larel0| larell| 1 are12 
2 ** 20| 2 ** 22.| 9 ** 24 
з 4 30| 3 ** 38 36 
4 ** 40! 4 ** 44 48 
5 * 50] 5“ 55 60 
6 ** 60| 6 “ 66 72 
TE TONET 6577 84 
8 “ 80; 8 ** 88 96 
9‹©90| `9‹& 99 ** 108 

10 «100 | 10 **110 | 10 “< 1920 

1л «110 1211 **121111 132 

12 120 | 12 **182 |12 **144 
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846 487,692 
8 143 
Example.—Miultiply 346 by 8: 
346 
8 
2768 


Taking the units of each order 8 times is equivalent to taking the entire 
number 8 times. Therefore, commencing at the right hand, & times 6 
units are 48 units, or 4 tens and 8 units. Write the 8 units in the product 
in units’ place and reserve the 4 tens to add to the next product; 8 times 
4 tens are 32 tens, and the 4 tens reserved in the last product addea, are 
36 tens, or 3 hundreds and 6 tens; write the 6 tens in the product in tens’ 
place, and reserve the 3 hundreds to add to the next product; 8 times 3 
hundreds are 24 hundreds, and the 3 hundreds reserved in the last product 
added, are 27 hundreds, which being written in the product each figure 
in the place of its order, gives for the entire product, 2768. 


Example.—Multiply 758 by 346: 


758 
346 


4548 
' 3032 
2274 


262,268 


758 multiplied by 6 units is 4,548 units; 758 multiplied by 4 tens is 
3,032 tens, which is written with its lowest order in tens' place, or under 
the figure used as a multiplier; 758 multiplied by 3 hundreds is 2,274 
hundreds, which is written with its lowest order in hundreds' place. Since 
the sum of these products must be the entire product of the given numbers, 
add the results which will give 262,268, the total product. 








When there are ciphers between the significant figures of the 
multiplier, put the first figure of each partial product directly 
under the figure multiplied by. 


NOTE.—When the multiplier contains two or more figures, the results obtained bv mui'iply- 
‘ng by each figure are called partial products. 
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Example.—Miultiply 312 by 203: 
312 
203 
936 
624 
63336 


Rule—When there are ciphers after the significant figures of 
the multiplier, place the ciphers at the right of the product of the 
significant figures. 


Example.—Multiply 12 by 300: 
12 
300 
3600 


Place the multiplier under the multiplicand sc that the 3 comes under 
the 2 as above. Multiply 12 by 3 and add the two ciphers. 


4 


2347 234700 
12000 900000 





Italian Short Proof Method.—-This method of checking mul- 
tiplication is used to quickly check the result of multiplying 


two large numbers by each other. 
The method is as follows: '2|з° 
Example.—Multiply 172,856 by 375. 26 3 | 
This is expressed as: 


А....172856 Add digits giving 29. Divide 29 by 9 giving 3 and remainder of 2. 
В.... 375 Add digits giving 15. Divide 15 by 9 giving 1 and a remainder of 6. 
864280 
1209992 
518568 
С. . 64821000 Ада digits giving 21. Divide 21 by 9 giving 2 and a remainder 
of 3. 
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In line A, add together all the digits, divide the sum by.9 and place 
the remainder in the square designated as 1, (page 23). 


In line B, add together all the digits, divide the sum by 9, апа place 
the remainder in the square designated as 2. 


Multiply the number in square 1 by the number in square 2, divide the 
product by 9 and place the remainder in square designated as 3. In this 
case 2x6 12 and 12 divided by 9-1; with a remainder of 3. 


In line C, add together all the digits, divide the sum by 9, and if the 
multiplication has been properly performed, the remainder will be the 
same as the number placed in the square designated as 33 


Place the remainder in square designated as 4. It happened in this 
particular case that the remainder number in square 3, was 3. 


American Short Proof Method.-—This is another method of 
proving the product of multiplying large numbers. 


Example.—Multiply 24532 Ъу 13685. 


AE 24532 Adding digits gives 16, adding again; 1+6=7 
BL 13685 Adding digits gives 23; adding again; 2+3=5. 
122660 Multiplying 7 by 5=35 
196256 Adding 3 and 5= 8 
147192 
73596 
24532 D ——E 





ен ая а: 
C....335720420 Adding digits gives 26; adding again gives 8. 


Add the digits in the multiplicand; designated by A. In this case 
лупе the number 16. Again add digits giving 7. Add the digits in the 
multiplier B, giving in this case 23. Again add digits, giving 9. Multiply 


7 by 5 giving 35 and adding digits 3+5 giving 8. 


Add all the digits in the product C, giving in this case 26. Again add 
digits 2+6 giving 8. 
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Always add digits until a number containing only one figure remains. 


If the result of the operations indicated above the line D E be the same 
as the result of the operations indicated below the line, the multiplication 
has been performed correctly. 


Involution 
or: 
Powers of Numbers 


Symbol F~ Exponent 


By definition, involution is the continued multiplication of 
a number by itself a given number of times. 

The number is called the root or first power, and the prod- 
uct is called the power. | 

The second power is called the square; the third power the 
cube. The higher powers are called the fourth power, fifth 
power, etc. 


Examples.— 
square of 222x224 
сиђе ог 2=2х 2х 2=8 
The power to which a number is raised is indicated by a small “superior” 
figure called an "exponent." Thus: 


ROOT EXPONENT RQOT TAKEN TWO TIMES POWER 


D e Ee 
=” X 
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НЕЕ ЕЕК 
from which it is seen that the exponent indicates the number of 


times the number or “root” is to be taken. 
The square of a number contains either twice as many figures 


as the number or twice as many, less one, thus: 


12=1 

9 =81 
99? =9,801 
100? = 10,000 


ФЕТ. 


VOLUME OF CUBE 


-2х2х2-8 





Fic. 13.—Two foot cube illustrating cube of a number. 


Examples for Practice 


12=? 138: =? 
2:32? 256 =? 
84#=? 4753 =? 


12281 =? 
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Division 
T e 
Symbol 7 энни 


Division consists in finding the value of one of a given number 
of equal parts into which a quantity is to be divided. 


When one number is divided by another number, the first one 
is called the dividend, and the second one, the divisor, the result 
thus obtairied is called the quotient. 

The sign of division is + and is read “divided by,” thus 8 + 
2 is read "eight divided by two." 

There are two methóds of division known as: 

1. Short. 

2. Long. 

In the method of short division the'continued subtraction is 
effected mentally, the quotient alone being set down without 
any werking. Evidently this method is suitable only for small 
divisors, as 8 + 2, 1,272 + 12. 

In the method of long division the operations are written 
down in full, the method being applied with large divisors of 
two or more figures as 13,765 + 126. To apply short division 
with such a large divisor would involve too great a mental 
process. 


1. Short division. 


To divide by any number up to 12. 


Rule.—Put the dividend down with the divisor to the left of it, 
with a small curved line separating it, as in the following: 


- ——— ——————— ———X— 
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Example.— Divide 7,865,432 by 6. 
6)7,865,432 
1,310,905 and 2 over 
` At the last it is evident that 6 is contained in 32, 5 times and 2 over. 
When there is a number left over as shown, make it a fraction, with the 
divisor, 6 (denominator) below the line and the number left over, 2 (nu- 
merator) above the line. Place the fraction close to the quotient thus 
1,310,905 */,. 
To divide any number with a cipher or ciphers after the 
last significant figure in both divisor and dividend. 


Rule.—Place the numbers down as in the last example, then 
mark off from the right of the dividend as many figures as there 
are ciphers in the divisor; also mark off the ciphers in the divisor; 
then divide the remaining figures by the number remaining in the 
divisor, thus: 

Example.—Divide 6,000,000 by 12,000. 
Cancel all ciphers to the right of the last significant figure of the divisor 


and cancel as many ciphers to the right of the last significant figure of 
the dividend as were cancelled from the divisor. 


Thus: 12,000)6,000,000 
Cancel ciphers 12)6,000 
| 500 


2. Long division. 


To divide any number by-a large divisor of two or more 
figures. | 
Example.—Divide 18,149 by 56. 


56) 18149 (324 5/56 
168 


7134 
112, 
7229 

224 
5 
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Division Table 












Zin 3in 4in 








1, 1Ыше | 2, ltime | 3, ltime| 4. 1 Ише| 5, 1time 
2, 2times| 4, 2times| 6, 2times| 8, 2times| 10, 2times 
Soe 1589-719 5-1 ee 15 $^ 
4, 4 < 8 4 * |123, 4 * [16,4 < |930, 4 « 
0, 5: *€ 40,75 *« БТБ, Дз е КОО, =“ бя 
6,6“ одоб 118.6 1246“ 30, 6 * 
4.4. ** 444. 9. © Т1, v. е ро v. е SR oy 2 
8,8 ** ]120, 8 ** |34 8 *'* (32, 8 ** |4068 % 
9$ 4 о ойсо 1% |86, 9-5 [45.90 % 
19,10 ** |20,10 ** [90,10 << 140,10 ** 60,10 4 
6 in 7 in 8in 9 in 10 in 


6, ltime | 7, 1time| 8, ltime| 9, ltime|10, 1time 
19, 2times| 14, 2times| 16, 2times| 18, 2times| 20, 2times 








18, 8 * [295 5 * |94, 8 «** |27, 
94, 4 “ |98, 4 * 132, 4 « |36, 
30, 8 < |35, 5 “ |40, 5 
36, 6 “ |49, 6 « |48, 6 
42, 7 « |49, 7 “ |56, 7 
48, 8 * |56, 8 * |64, 8 
54, 9 63, 9 m, 9 





JaRÓÓ———— О 
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In the above operation the process is as follows: As neither 1 nor 18 will 
contain the divisor, take three figures 181, for the first partial dividend. 
56 is contained in 181 three times, and a remainder. Write the 3, as the 
first figure in the quotient, and then multiply the divisor by this quotient 
figure thus: 3 times 56 is 168, which when subtracted ftom 181 leaves 13. 
To this remainder annex or "bring down" 4 the next figure in the dividend 
thus forming 134, which is the next partial dividend. 56 is contained in 
134 two times and a remainder. Thus 2 times 56 is 112, which subtracted 
from 134 leaves 22. To the remainder bring down 9 the last figure in the 
dividend, forming 229, the last partial dividend. 56 is contained in 229 
four times and a remainder. Thus: 4 X 56 = 224, which, subtracted from 
229, gives 5, the final remainder which write in the quotient with the divi- 
sor, below it, thus completing the operation of long division. 


Exact Divisor.—A number 15 said to be divtsible by another 
when there is no remainder after dividing. 


Any number is divisible: 


1. By 2, if it be an even number. 
2. By 3, if the sum of its digits be divisible by 3. 


3. By 4, if its two right hand figures be ciphers or express a number 
divisible by 4. 


4. By 5, if it end with a cipher or 5. 
5. By 6, if it be an even number and divisible by 3. 


6. By 8, if its three right hand figures be ciphers, or express a number 
divisible by 8. : 


7. By 9, if the sum of its digits be divisible by 9. 
8. By 10, if it end with one or more ciphers. 


9. By 7, 11 and 13 if it consist of but four places, the first and fourth 
being occupied by the same significant figures, and the second and third 
by ciphers. 


10. An odd number is not divisible by an even number. 


11. If an even number be divisible by an odd number, the quotient will 
be an even number. 


12. If an even number be divisible by an odd number, it is also divisible 
by twice that number. 


13. Every odd number except 1, increased or else diminished by 1, is 
divisible hy 4. 
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14. Every prime number except 2 and 3, increased or else diminished 
by 1, is divisible by 6. 


Prime Numbers 


233 | 337 | 439 | 557! 653 | 769 
239 | 347] 443 | 563! 659] 773 
241 | 349 | 449 | 569! 661! 787 
251 | 853] 467 | 571| 673) 197 
257 | 359| 461] 577] 677] 209 
263 | 367 | 463| 587| 683| 811 
269 | 373 | 467| 593| 691] 891 
271 | 379 | 479 | 599 | 701] 823 
277 | 383 | 487 | 601 | 709 | 827 
281 | 389 | 491 | 607 | 719| 829 
283 | 397 | 499 | 613 | 727] 839 
293 | 401 | 503 | 617| 733 | 853 
307 | 409 | 509 | 619 | 1739 | 857 
311 | 419 | 591 | 631 | 743 | 859 
318 | 421] 523] 641 {| 751 | 863 
317 | 431 | 541 | 643! 757 | 877 
331 433 | 547 | 647 | 761 | 881 





Factors.—By definition a factor is one of two or more quantities 
which, when multiplied together produce a given quantity. 


Thus, 4 and 5 are factors of 20 because 4 multiplied by-5 equals 20. 


A prime factor of a number is one which cannot be separated 
into factors. 
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Thus 4 is a factor of 20 but is not a prime factor because it is made up of 
two factors,two and two; thatis, 2 X 2 = 4. 


Apply the following rule to obtain the prime factors of a 
given number. 


Rule.—Divide the given number by any prime factor; divide the 
quotient in the same manner, and so continue the division until 
the quotient is a prime number. The several divisors and the last 
quotient will be the prime factors required. 


Example.—What are the prime factors of 798? 


2/798 

31399 

7138 

1919 
1 


Since the given number is even, divide by 2, and obtain the odd number 
399 for a quotient. Now divide by the prime numbers 3, 7, and 19 as above, 
the last quotient being 1. The divisors 2.3, 7, and 19 then are the prime 


factors of 798. 


Another method is to find the composite factors of a num- 
ber and then find the prime factors of the composite factors. 


Thus, 
20 9 


180 = 2x5 3x3 


Greatest Common Divisor.—By definition, the greatest com- 
mon divisor of two or more numbers is the greatest number that 


will exactly divide each of them. 


To find the greatest. common divisor. 
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Rule.—1. Write the numbers in a line, with a vertical line at 
thé left, and divide by any factor common to all the numbers. 2. 
Divide the quotient in like manner, and continue the division till 
a set of quotients is obtained that are prime to each other. 3. 
Multiply all the divisors together and the product. will be the 
greatest common divisor sought. 


Example.—What is the greatest common divisor of 72, 120 and 440? 


4172 120 440 
218 30 10 
9 15 55 


4 will exactly divide each of the given numbers, and 2, each of the quotients 
obtained by dividing by 4. The last quotients 9, 15 and 55 are prime to 
each other, hence greatest common divisor is 4 X, 2 — 8. 


Least Common Multiple.—By definition the least common 
multiple of two or more numbers is the least number exactly 
divisible by those numbers. . 


To find the least’ common multiple. 


Rule.—1. Resolve the given numbers into their prime factors. 
2. Multiply together all the prime factors of the largest number, 
and such prime factors of the other numbers as are not found in the 
largest number. Their product will be the least common multiple. 
3. When a prime factor is repeated in any of the given numbers 
at must be taken as many times in the multiple, as the greatest 
number of times it appears in any of the given numbers. 


Example.—Find the least common multiple of 60, 84 and 132. 


60=2xX2xX3xX5 

= 2Х2Х3%Х 7 

132 =-2 Х 2 Х 3 Х 1 
2х2х3х11) х5 х7 = 4,620 
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The factor 2 appears twice in each number, hence, applying 3, of the rule 
it is wtitten down in the least common multiple twice. By inspection the 
factors not found in the largest number are 5 and 7, these are written down 
as above together with the factors of 132, giving 4,620 the least common 
multiple. ; 


Fractions 


A fraction is a quantity less than a unit or whole number. 






A HALVES ___ | B 


ONE HALF ГГ, 
А YY 


D 


A THIRDS 
ONE THIRD ONE THIRD 





Figs. 14 and 15.—Graphic representation of fractional parts. 


Fractions take their name and value from tlie number of parts 
into which the unit is divided. Thus, if the unit be divided into 
2 equal parts, one of these parts is called one-half, as M, in fig. 
14; if divided into 3 equal parts, one of these parts is called 
one-third, as S, in fig. 15. í 


Evidently from the figures,one-half or M is larger than one- 
third or S. | i 
To express a fraction by figures two numbers are required: one to express 


the number of parts into which the unit is divided and the other to express 
the number of these parts taken. 
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The number expressing the number of parts taken called the numerator 
is written above a diagonal or horizontal line and that expressing the number 
of parts into which the unit is divided called the denominator is written 


12 


below the line, thus: 


„З 23 


i TWELVE 
ONE HALF EIGHTHS TWENTY THIRDS 


Fic. 16.—Method of writing fractions. 





It is seen that the line may be either diagonal or horizontal. Usually 
a diagonal line is used where numerator and denominator consist of one 
figure each, and a horizontal line for two or more figures. 5 


Definitions 


Complex Fraction.—One whose numerator or denominator is a fraction. 
Compound Fraction.—A fraction of a fraction. 


Improper Fraction.—One whose numerator equals or exceeds its 
denominator. . 


Mixed Number.—An integer and a fraction united. 


Partial Fractions.—Fractions whose sum may be reduced to the original 
fraction. 


Proper Fraction.—One whose numerator is less than its denominator. 


Simple Fraction.—One whose numerator and denominator are whole 
numbers. 


Vulgar Fraction.—One expressed by a-numerator and denominator as 
distinguished from a decimal fraction. 


The following general principles should. be noted: 
1. A change in the numerator produces a like change in the 
value of the fraction. 


о 
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2. A change in the denominator produces an opposite change 
in the value of the fraction. . 


3. Multiplying the denominator divides the fraction and ~ 
dividing the denominator multiplies the fraction. 

4, Multiplying or dividing both terms of the fraction by the 
same number does not alter the value of the fraction. 


To reduce a fraction to its lowest terms. 
Rule.—Divide both numerator and denominator by their 


greatest common. divisor . 


Example.—Reduce ?9/,, to its lowest terms. 

: A Find greatest common divisor: B Divide both terms by greatest 

220 40 common divisor: 

2110 20 20120 

515 10 204o ^ "4 

122 
2 x 2 x 52 20 greatest common divisor 

Find the greatest common divisor, 20 as at A, divide both terms by 20 
as at B, obtaining 14 which is the lowest terms of 20/40. 


• 


To change an improper fraction to a mixed number. 
Rule.— Divide the numerator by the denominator. 
Example.—Change 49/, to a mixed number. 
зе = 49 +5 = 94), 
To change a mixed number to an improper fraction. 


Rule.—Multiply the whole number by the denominator of the 
fraction; to the product add the numerator and place the sum over 


the denominator. 
Example.—Change 125% to an improper fraction. 
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multiply whole number by denominator 12 x 8 = 96 
add the numerator 5 


sum 101 


place sum over denominator —— 101 


Before fractions can be added or subtracted their denom- 
inators must be the same. The least common multiple is the 
least common denominator. 

To reduce fractions to a common denominator. 

Find the least common multiple or use the method according to 
the following rule: 


Rule.—Multiply each numerator by all of the denominators 
except tis own for the new numerator and. all the denominators 
together for the common denominator. 


Example.—Reduce 14, 4% and 3 to a common denominator. 
New numerator of first fraction - 1X 3X5 15 
New numerator of second fraction = 1 X 2 X 5 = 10 
New numerator of third fraction — 3X 3 x 2 « 18 
Common denominator = 2 ХЗ Х 5 = 30 


from which the fractions become 
15 10 18 
30 30 30 


To add fractions. 


Rule.—Reduce them to a common denominator, add the numer- 
ators and place their sum over the common denominator. 
Exümple.—Add 14, V and 36 
A Reduce to common B Add numerators: С Place sum over 


denominator: common denom- 
1x3 5 = 15) 15 inator: 
1х2хб = 10| 10 43 
3X3 X 2 = 18f 18 30 
2х3 х5 = 30] 43 (sumi 
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The sum of the fractions (12/59) is an improper fraction, Hence, reduce te 
mixed number. 
43780 = 43 + 30 = 1 18/30 
To subtract fractions. 


Rule.—Reduce them to a common denominator, subtract the 

numerators and place the difference over the common denominator. 
Example.—Subtract 3/; from 4/5. 

A Reduce to com- B Subtract the С Place difference 


mon denominator numerators over the com- 
8x5=15 28 mon denomina- 
4X7 = 28 15 : tor 
7x5-35 13 (difference) 13 

: 35 


. To multiply fractions. 


Rule.—(Case I. Multiplying by a whole number.) Multiply 
the numerator or divide the denominator by the whole number. 


Example.—Multiply 7/12. by 4. 


A Multiplying numerator B Dividing denominator 
he X 4 = ?%/ь = 24/2 = 214 "he X 4 = = 25 


Rule.—(Case II. Multiplying by a fraction.) Multiply the 
numerators for a new numerator and the denominators for a new 
denominator. 

Example.—Multiply 34 by 3/7. 
ЗОБ 15 
3 Е Ei Lies 
а 
Division of fractions. 


Rule.—(Case I. Dividing by a whole number.) Divide the 
numerator, or multiply the denominator hy the whole number. 
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Example.—Divide !/,, by 5. 


A Dividing numerator В Multiplying denominator 
Df + 5 = 313 10/1374 5 = 10/66 = 2/13 
, 


Rule.—(Case II. Dividing by a fraction.) Invert the divisor 
and proceed as in multiplication. 


Example.—Divide 34 by 5/7, 


A Invert divisor- у B Multiply by inverted divisor 
5/7 inverted is 7/, Я Хх 1% = Mog = 1 oq 
The two operations are expressed thus: 
34 + 5 =% х1 = Yz = 11 


Decimals 
Symbol ШЕ Ф acima poin 


The word decimal signifies ten, being derived from the 
Latin word decem. 

By definition a decimal fraction is a fraction whese denom- 
inator ts 10 or a power of 10. It is usually written without the 
denominator, the number of ciphers in the denominator being 
indicated by the number of places occupied by the numerator 
preceded if necessary by ciphers, and placed after a point or 
period called the “decimal point.” 


It should be understood absolutely once and for all 
that the decimal point is an item of extreme importance. 


Most errors are due to writing the decimal point carelessly 
SO as to require a microscope to see it—use an “acre of lead" 
if necessary to make the decimal point plainly visible. 
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In the formation of a fraction a single unit is divided into 
10 parts as in fig. 19. | 
AS | ASAIT -— 
USUALLY . SHOULD BE 
MADE MADE 


(TRY TO FIND IT) 





ACRE OF 
LEAD 


i23 «23 


Fics. 17 and 18.—Usual method of making a decimal point and correct method. The au- 
thor here tries to impress upon the student the importance of making a decimal point tha. 
can be seen. 


Here the'big rectangle or unit is divided into ten parts, then any one of 
these partsas LARF, is 1/10 of the unit. In the decimal system however it 
is not necessary to write the denominator because the same law of local 
value governs the decimals as the integral numbers. The “decimal point” 
(.) is always placed before the decimal figures to distinguish them from 
integers. 

The law of local value for decimals assigns: 


The first place at the right of the decimal point to 10ths—(1st order) 
the second place at the right of the decimal point to 100ths—(2nd order) 


The third place at the right of the decimal point to 1,000ths— (3rd order) 


Thus in бр. 26 LARF, or !/1 of the unit is written .1. Fig. 27 shows 
section LARF of fig. 26 divided into 10 parts. Evidently one of these 
parts is equal to one hundredth of the unit and is expressed as .01. 


Similarly one of the ten parts of l'a'r'f' (fig. 28) is equal to one thou- 
sandth of the unit and is expressed as .001. Evidently if several of the 
parts were taken they would be expressed for instance, "as 2, .03, .009. 
The decimal may include parts of the several orders as .23, .145, etc. 
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FIRST ORDER OR “TENTHS’(, ]) 
ТЕТ <= SECOND ORDER 
OR"HUNDREDIHS" р а 
THIRD ORDER OR 
ier ola lo t (О!) “THOUSANDTHS” 
|, (001) 


Fics. 19 to 21.—Graphic representation of decimal fractions or “decimals.” 


Numeration of Decimals 


e 
ә = Е 
2 о m © = o u5 95 
т Z a le; о 2 О, az 
< < и) 0 Ы < na 84 • 
25 d с ^ < I с e zo ТЛ 
H5 2 о чу БАЈЕ E о = ыз 55 
о © 2 2: = о 2 2 о FO то 
т T 5 ы 2 0 5 т Е r 
- E x E 2 a - x к - e 
12345.12345 
с а а a 
5 e g wd g z wu ui e ш 
а g т ё @ ааа а 2 
б а о о о о о о © о 
o o t е 
Е é x z л 5 2 2 Е z 
2 t+ Yn) $ = - N Y) + in 


INTEGERS DECIMALS 
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Any decimal or combination of a decimal and integer may 
be read by applying the table on page 41. 

A number may be made up of one or more integers and a 
decimal as 23.35; this is read twenty-three and thirty-five 
hundredths. 

In the case of a column of figures as in addition, care should 
be taken to have all the decimal points exactly under each 
other. 


% 


=_= ee 
? NUMERATE: ? NUMERATE: 
vj UNITS, TENTHS UNITS, TENTHS 
X AND READ 2 HUNDREDTHS 
д 2 FIVE TENTHS A AND READ 
g £^ о 4 FIVE HUNDREDTHS 
> u Г 
È 5 aK e) 
5 Qe 5 
32 3 
= > 


Fics. 22 and 23.— How to read decimals (first method). Rule.— Numerate toward the decimal 
point (units, tenths, hundredths, etc.), numerating each order and the decimal point. 


The practice of putting a cipher to the left of the decimal when there is 
"no integer, as, for instance, 0.5, is unnecessary. 


There are several methods of numerating or reading deci- 
mals; one method is to numerate toward the decimal point nu- 
meraling each figure and the decimal point as shown in figs. 22 
and 23. i 

A second method, numerating from the decimal point (be- 
ginning with the first order), is shown in figs. 24 and 25. It is 
immaterial which method be used, the result is the same al- 
though some theoretical highbrows might object to the first 
method. 
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др ———— ви 
NUMERATE: NU = 
(BEGINNING WITH МИБ Еее 


FIRST ORDER) 
TENTHS AND READ 
FIVE TENTHS 


2 AND READ 
аг 2 А FIVE HUNDREDTHS 
= z g 
4) о 
~ 
+ 

š 


Er 


Fics. 24 and 25.—How to read decimals (second method). Rute.— Numerate from the decimal 
point, beginning with the first order “tenths.” 


| (CARP) = 





Annexing ciphers after a deci- 
mal does not change its value. 


In fig. 26, LARF, is equal to one- 
tenth (.1) of the large rectangle, and 


Fics. 26 to 28.— Diagrams showing that snnex- 
ing ciphers after a decimal does not change tts 
value. 


А О Ога 
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is equal to larf in fig. 27. Lf larf, be divided into 10 parts, each of these parts 
=one-hundredth (.01) of the large rectangle. Similarly if each of these 
parts, as /’a’r’f’, fig. 28, be again divided into 10 parts, each of the parts thus 
obtained =one-thousandth (.001) of the large rectangle. Hence .1=.10= 
.100. 

The practice of annexing ciphers after decimals 15 a useless 


waste of time. 
To reduce decimals to a common denominator: 


Rule.—Annex ciphers after each decimal so that each will have 
the same number of figures or places thus: 


27 for same number .270 


5 annexing ciphers ‚500 
.325 of places become .325 


that is to say 


five tenths «five hundred thousandths 
twenty-seven hundredths— two hundred 


270 | which is read and seventy thousandths. 


5 = .500 

202 А 395 three hundred three hundred 

т у and twenty-five $b = 4 andtwenty-five 
thousandths. thousandths. 





in other words adding ciphers after a decimal does not change its value. This 
is. apparenf from figs. 26 to 28. , The practice of adding ciphers after 
decimals is quite unnecessary except perhaps in a very large column of 
figures to be added. 


To reduce common fractions to decimals. 


Rule.—2Di;vide the numerator by the denominator and carry 
out the di¥jsion to as many decimal places as desired. 


Examples. 
Change 4/, to decimal Change % to-décimai 
4 5 
5)4.0 8)5.000 


8 „625 


ars т; —— ее». 
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To add decimals. 


Rule.—Place the numbers in a column with the decimal points 
under each other and add as in whole numbers. 


Example.—Add 5 .25 1.75. 


сала 
am 


| 


8 


To subtract decimals. © 


Rule.—Place the numbers so that the decimal points are under 
each other and proceed as in simple subtraction. 


Example.—Subtract .72 from 1.25. 
1.25 
.72 
53 
To multiply decimals, 


Rule.—Proceed as in simple multiplication and point off as 
many places as there are in multiplier and multiplicand 
Thus 
1 X .0025 = .00025 


Here there is one place in multiplicand and four in multiplier, or five 
altogether. 


To multiply a decimal by 10 or any power of 10. 


Rule.—-Move the decimal point to the right in the multipli- 
cand as many places as there are ciphers in the multiplier. 
Example.—Multiply .023 by 100 
.023 х 100 = 2.3 
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To divide decimals. 


Rule.— Proceed as in simple division, and from the right hand 
of the quotient point off as many places for decimals as the decimal 
places in the dividend exceed those in the divisor. 


Example.—Divide 3.642 by .3 
3.642 +.3=12.14 


To divide a decimal by 10 or any power of 10. 


Rule.—Move the decimal point as many places to the left as 
there are ciphers in the divisor, and divide by the number on the 
left of the ciphers in the divisor. 


Example.—Divide 47.5 by 1,000 
47.5 +1,000 = .0475 


To convert decimals to common fractions. 


Rule.-—Set down the decimal as a numerator, and place as 
the denominator 1 with as many ciphers annexed as there are 
decimal places in the numerator; erase the decimal point in the 
numerator, and reduce the fraction thus formed io its lowest 
terms, thus: 


OECIMAL POINT 
REMOVED 


TwO 
DECIMAL PLACES 





PUT DOWN TWO CIPHERS X 
FOR TWO DECIMAL PLACES Low 


f REDUCE 
PUT DOWN ONE | уб 5 FRACTION 
+ 
Ferms 


—— = и +—— — 
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Fractions and Decimal Equivalents 


64ths 


.015625 
.046875 
.078125 
.109375 
.140625 
.171875 
-.203125 
.234875 
.265625 
= .296875 
- 828125 
.859875 
= .390625 
.421875 
. 453125 
.484375 
515625 
.546875 
.578125 
.609375 
.640625 
.671875 
703125 
. 784375 
- 765625 
. 796875 
— .828125 
.859875 
.890625 
.921875 
.953125 
984375 


eR RE OR uS afe RR 
Un wu a 


мо a MO MP APA e 
EM gd gg m 


ed 
Ул 
| 


M I 


1i 


Che CO Shs Wd cad Ce 
BO NAN кл 5 54 BO 
НИИ 


|| 


Gba Sto or: Gf? ots а де gf 


EOM EE TI 





To reduce a recurring decimal to a common fraction. 


Rule. —Subtract decimal figures that do not recur from the whole 
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decimal including one sel of recurring figures; sel down the re- 
mainder as the numerator of the fraction, and as many nines as 
there are recurring figures, followed by as many ciphers as there 
are non-recurring figures, in the denominator. 


Example.—In the decimal .79054054, the recurring figures are 054. 
Subtract 79 н 


78975 = (reduced to its lowest terms) 17 
о ы 148 
Cancellation 


Cancellation is the process of shortening calculations by re- 
jecting equai factors from numerator and denominator, that is 
from dividend and divisor. 


Example.—Divide 3X4 by 3X6. 
279 


157 
OPERATION OPERATION 
DIVIDE THESE _ DIVIDE THESE 
TWO FIGURES BY3 TWO FIGURES BY 2 


зхајах2 


З хас .2 
3х6 AX3 3 


Rule.—Reject from the dividend and divisor all factors com- 
mon to both, and then divide the product of the remaining factors 
of the dividend by the product of the remaining factors of the 
divisor. 

When all the factors of both dividend and divisor are can- 
celled, the quotient is 1, for the dividend will then exactly 
contain the divisor once. 


Example.—Divide 72 X66 X49 by 63x40 X21. 
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& 22 7 
72x66 x49 22. 

63x49x21 ` 5 3220 
a 5 З. S9 
THAT IS 45 


Since 9 is a factor of both 72 and 63 it may be rejected from both, leaving 
8 instead of 72 in the dividend and 7 instead of 63 in the divisor. Next can- 
cel 8 from 8 and 40, leaving 5 instead of 40 in the divisor. Now cancel 7 
from 7 and 49, leaving 7 instead of 49 in the dividend; and cancel 7 again 
from 7 and 21, leaving 3 instead of 21. Rejecting the factor 3 from both 66 
and 3, there is left for a dividend 22, and for a divisor 5, which gives a 
quotient of 42/,. 


Evolution or Roots of Numbers 


Symbol WE у 


The word evolution means ihe operation of extracting a root. 
The root here is a factor repeated to produce a power. Thus 
in the equation 2x2X 2 =8, 2 is the root from which the power 
(8) is produced. Evolution is indicated by the symbol ~/ _ 
called the radical sign, which placed over a number means 
that the root of the number is to be extracted. Thus: . 


V4 means that the square root of 4 is to be extracted 


The index of the root is a small figure placed over the radical 
sign which denotes what root is to be taken. Thus 7/9 indicates 
the cube root of 9; “16, the fourth root of 16. When there is 
no index the radical sign alone always means the square root. 
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Sometimes the number under the radical sign is to be raised 
to a power before extracting the root, thus: 


х5 = УД ХАХА = 64 = 4 


The power and the root are often combined and expressed as 
a fractional exponent, thus 3% which is read the cube root of 
8 squared, that is: 


8# = V8 = УБА = 4 


Square Root.—By definition the square root of a number a 
quantity is that number which, multiplied by itself, produces 
the given number or quantity; thus 8 is the square root of 64, 
because 8 multiplied by 8 equals 64. 

When there is no index the radical sign alone always means 
the square root, as before stated. 


Rule.—1. Point off the given number into periods of two places 
each, beginning with uniis. 2. If there be decimals, point these 
off likewise, beginning at the decimal point and supplying as 
many ciphers as ‘may be needed. 3. Find the greatest number 
whose square is contained in the left hand period, and place it 
as the first. figure in the quotient. 4. Subtract its square from 
the left hand period, and to the remainder annex the two figures 
of the second period for a dividend: 5. Double the first figure 
of the quotient for a partial divisor, find how many times the 
latter is contained in the dividend exclusive of the right hand 
figure in the quotient, and annex it to the right of the partial 
divisor, forming the complete divisor. 6. Multiply this divisor 
by the second figure in the quotient, and subtract the product 
from the dividend. 7. To the remainder bring down the next 
period and proceed as before, in each case doubling the figures 
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in ihe rooi already found to obtain the trial divisor. 8. Should 
the product of the second figure in the root by the completed divisor 
be greater than the dividend, erase the second Jigure both from 
the quotient and from the divisor, and substitute the next smaller 
figure, от one small enough to make the product of the second 
figure by the divisor less than or equal to the dividend. 


- | Bxample.—Extract the square root of 186,624. 
18'66'24)432 
16 
83) 266 
249 
862) 1724 
1724 


From right to left point off the given number into periods of two places 
each. Begin with the last period pointed off (18). Largest square in 18 is 
4; put this down in the quotient and the square (16) under the 18. Write 
down remainder (2) and bring down next period (66). Multiply 4 (in quo- 
tient) by 2 for first number of next divisor and say 8 goes into 26, three 
times. 


Place 3 after 4 in quotient and also after 8 in the divisor. Multiply the 
83 by 3, placing product 249 under 266 and subtract,obtaining remainder 17. 
Bring down last period 24 and proceed as before, obtaining 432 as the Square 
root of 186,624. 


Cube Root.—Extracting the cube root is a more complicated 
though a similar process, as indicated by the rule following. 
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Rule.—(Cube root). 1. Separate the number into groups of 
three figures each, beginning at the units. 2. Find the greatest 
cube in the left hand group and write its root for the first figure of 
the required root. 3. Cube this root, subtract the result from the 
left, hand group, and to the remainder annex the next group for a 
dividend. 4. For a partial divisor, take three times the занате. 
of the root already found, considered as tens, and divide. the 
dividend by it. The quotient (or the quotient diminished) will be 
the second figure of the root. 5. To this partial divisor add three 
times the product of the first figure of the root considered as tens by 
the second figure, and also the square of the second figure. This 
sum will be the complete divisor. 6. Multiply the complete 
divisor by the second figure of the root, subtract the product from the 
dividend, and to the remainder annex the next group for a new 
dividend. T. Proceed in this manner until all ihe groups have 
been annexed. The result will be the cube root required. 


Example.—Extract the cube root of 42,875. 
42,87535. 
$2 27 27^ 
3х30: =2,700 |15,875 
3х (30 х5) = 450 
5:= 25 
3,175 [15,875 





Since 42,875 consists of two groups or periods, the cube root will consist 
of two figures. 


The first group, 42, contains the cube of the tens’ figure of the root. The 
greatest cube in 42 is 27, and the cube root of 27 is 3. Hence, 3 is the tens’ 
figure of the root. 


The remainder, 15,875, resulting from subtracting the cube of the tens, 
will contain three times the product of the square of the tens by the units + 
three times the product of the tens by the square of the units-+the cube of 
the units. Each of these three parts contains the units’ figure as a factor. 
Hence, the 15,875 consists of two factors, one of which is the units’ figure of 
the root; and the other factor is three times the square of the tens-Fthree 
times the product of the tens by the units--the square of the units. The 
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largest part of this second factor is three times the square of the tens. If 
the 158 hundreds of the remainder be divided by the 330?=27 hundreds, 
the quotient will be the units’ figure of the root. 


The second factor can now be completed by adding to the 2700, 3x 
(30X5) 2450 and 52-25. 


Example.—Extract the cube root of 1,881,365,963,625. 
1,581.265,063,02512245 
1 








2:= _4 
364/728 
800 x 12 = 43200 [153365 
820X12 X3 = 1080 
3? = 9 
44289 1132867 
SX, m asperoo| Trans 
x 42 = 16 
4553476] 18213904 
58320800 2285059625 
300 * 1234? =4 2 
do X 1234 X ns 130100 
457011925| 2285059625 





Simple Rule for Cube Root.—Separate the number into tts 
prime factors when this method is possible. 


Example.—Find the cube root of 74,088. 


274,088 Proof. 

2137,044 ТАУ 

218,522 2x3 xT 274,088 

3| 9,261 

3| 3,087 

3! 1,029 

7! 343 V/74,088 22x 3X7 —42 
7| 49 

7 7 


As stated this is an easy way to find the cube root but it 
is not always practicable; accordingly a general method is nec- 
essary as given above. 
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The easiest, quickest and best way to obtain a cube 
root, especially for those having many calculations to 
make, is to look it up in a table of powers and roots. 
Moreover there is less chance of error. 


Mental Cube Root.—To extract the cube root of a cube of 
two periods, have a small table firmly fixed in the mind. 


It consists of the cubes of the numbers from 1 to 9. The cube of 1 
is 1, of 2 is 8, of 3 is 27, of 4 is 64, of 5 is 125, of 6 is 216, of 7 is 343, of 8 
is 512, of 9 is 729. Examine these cubes and it will be seen that the cube 
of 8 ends in 2, and the cube of 2 ends in 8. 


Then again, the cube of 3 ends in 7 and the cube of 7 ends in 3. All 
others end with the same figure which has been used as a factor. 


When a cube is given to extract the root, first note the “thousands.” 
In the number 32,768, for example, the thousands consist of two figures, 
32. Now 32 is between 27 and 64, the cubes of 3 and 4, hence the root 
is between 30 and 40, or the first figure must be 3. 

Disregard the other figures until the last one is reached. As the figure 
is 8, it 1s evident the second figure of the root must be 2, because the 
cube of 2 always ends in 8. Thus: 

12,167. 23 


1$ — 


Cube root of the fraction 15 625 25 


This also applies to the first and last figure of a cube root of any number 
of figures. 


Compound Quantities 


A compound quantity expresses units of two or more de- 
nominations of the same kind, as five yards, oné foot and four 
inches. 

A denominate fraction is a concrete fraction whose integral unit is a 
denominate number. Thus ?/; of a day is a denominate fraction, the 


integral unit being one day; so are 5/, of a bushel; 2/s of a mile, etc., 
denominate fractions. 
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To reduce a compound number to a lower: denomination— 
Reduction descending. 


Rule.—-Multiply the highest denomination of the given number 
by the scale number which will reduce it to the next lower denomina- 
tion and add to the product the’ given number, if any, of that lowet 
denomination, continuing until the number is reduced to the 
denomination required. 


Examples.—Reduce 1 yd., 8 ft. and 7 ins. to ins. 
1 yd. A ft, 7 ins. к 
_ 3 (scale factor 3 ft. = 1 yd.) 


3 ft. 
8 ft. to be added Reduction descending 


Td ft: 
12 (scale factor 12 ins. — 1 ft.) 


132 ins. 
7 ins. to be added 


139 ins. total 


To reduce a denominate number to a compound number of 
higher denominations—Reduction ascending. 


Rule.— Divide ihe denominate number by that number of the 
ascending scale which will reduce tt to the next higher denomina- 
tion; the quotient is in the higher denomination and the remainder 
af any, in the lower. denomination.. Continue the division until 
the number is reduced to the highest denomination required. 


Example.—Reduce 139 ins. tof& compound number of higher denomina; 
tions. 


139 + 12* = 11 ft.,.7 ins. 


*#NOTE.~12 is scale number to reduce ins. to ft. 
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which follow in the next section the 


In any of the measures 
be reduced by following the rules. 


compound numbers may 


Weights and Measures 


By definition a measure is that by which the extent, quanitly, 
capacity, volume or dimensions in general are ascertained by some 
fixed standard. T here are several kinds of measure as: 


1. Linear (length). 4. Weight. 
2. Square (area). 5. Time. 
6. Angular. 


3. Cubic (volume). 
etc. 

—Тһеге are several kinds of linear measure 

, surveyors’ OF old land; 3, nautical. 


TABLE 


Long Measure 
12 inches (ins. or ^) make 1 foot (ft. or 65) 
make 1 yard (yd) 


3 feet 
516 yards or 1614 feet make 1 rod (rd.) 
make 1 furlong (fur.) 


Linear Measure. 
known as: 1, long; 2 


40 rods 
8 furlongs or 320 rods make 1 statute mile (mi.) 
Unit equivalents 
4 ft. ins. 
yd. 1 = 12 
та. 1 = 3 = 36 
fur. 1 = 5% = 16% = 198 
1 220 = 660 = 7,920 


mi. = 40 = 
1 = 8 =320 = 1,760 = 5,280 = 63,360 


Scale—ascending, 12. 3. 514, 40, 8; descending, 8, 40, 514, 3, 12. 
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TABLE 
Surveyors’ or Old Land Measure 
7.92 ins. make 1 link (1.) 
25 links make 1 rod (rd.) 

4  rodsor 66 ft. make 1 chain (ch.) 
80 chains make 1 mile (mi.) 
Unit equivalents 

№ ins. 
rd. = 7.92 
ch. 1 = 25 = 198 
шїї. 1 = 4 = 10 = 792 
1 = 80 = 320 = 8,000 = 63,360 


Scale—ascending, 7.92, 25, 4, 80; descending, 80, 4, 25, 7.92. 


NOTE.—The denomination rods is seldom used in chain measure, distances being taken 
^u chains and links. 


Table 
Measures "Occasionally Used 

1000 mils zn: 

1 hand =4 ins. 

1 span =9 ins. 

1 military pace =2) ft. 

1 fathom =6 ft. 

1 cable length = 120 fathoms. 
TABLE 

Nautical Measure узыны i 


6,080.26 ft, or 1.15156 statute miles — 1 nautical mileor knot* ^ 
3 nautical miles = 1 league : 
60 nautical miles or 69.168 statute miles = 1 degree (at the equator) 
360 degrees = circumference of earth at 
equator 





*NOTE.—The British Admiralty takes the round figure 6,080 ft. for length of the '*meas- 
ured mile” used in trials of vessels. The length between knots on the log line is 1/120 of a 
"autical mile, or 50.7 ft. when a half minute glass is used; so that a speed of 10 knots is equal 
ta 10 nautical miles per hour. 
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Square Measure.—This kind of measure is used to measure 
the:area of a surface; it involves two dimensions, length and 
breadth, that is: 


area = length x breadth 
The dimensions length and breadth may be taken in any 
denomination as inches, feet, yards, etc., but both must be 


A B 


wv 
= 
a 
T 
- 
a 
« 
us 
t 
о 





Fic. 29.—Diagram illustrating square measure. If the rectangle ABCD, measure 2 ins. on 
one side and 3 ins. on the other, and lines be drawn at each inch division, then each of the 
small squares will have an area of 1 sq. in. and the area of the rectangle will be area 
ABCD « breadth Xlength 22 X3 —6 sq. ins. 


taken in the same denomination. The word “square” is used 
to denote the product of the two dimensions, thus: 


inches (length) x inches (breadth) = square inches 
Square measure is shown graphically in fig. 29. 
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TABLE 
Square Measure 


144 square inches (sq. ins.) make 1 square foot (sq. ft.) 
9 sq. ft. make 1 square yard (sq. yd.) 
3014 sq. yds. make 1 square rod or perch (sq. rd. or P.) 
40.sq. rods make 1 rood (R), 
4 roods make 1 acre (A) 
640 acres make 1 square mile (sq. mi.) 


` Unit equivalents 


sq. ft. sq. ins. 
sq. yd. 1 = 144 
sq. rd. 1 = 9 = 1,296 
R 1 = 30% = 272% = 39,204 
A 1 = 40 = 1,210 = 10,890 = 1,568,160 
sq.mi. 1 = 4 = 160 = 4,840 = 43,560 = 6,272,640 
1 =640=2,560= 102,400 =3,097,600 = 27,878,400 = 4,014,489, 600 


Scale—ascending, 144, 9, 3014, 40, 4, 640; descending, 640, 4, 40, 3014, 
9, 144. 
à TABLE 

Surveyors” Square Measure 
625 square links (sq. 1.) make 1 pole (P) 
16 polés make 1 square chain (sq. ch.) 


10 square chains make 1 acre (A) 
640 acres make 1 square mile (sq. mi.) 


36 square miles (6 miles square) make 1 township (Tp.) 


Unit equivalents 
P. sq. l. 
Sq. ch. 1 = 625 
А 1 = 16 = 10,000 
= 160 = 100,000 


sq. mi. 1 = 10 н 
= 640 = 6,400 = 102,400 = 64,000,000 


Тр. 1 = J 
1 = 36 =23,040=230,400=3,686,400=2,304,000,000 
Scale—ascending, 625, 16, 10, 640, 36; descending, 36, 640, 10, 16, 625. 


Cubic Measure.—This measure is used to find the volume or 





*NOTE: —The denomination rood is practically obsolete. An acre equals a square whose 
aide is 208.71 feet. 
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amount of space within the boundary surfaces of a body. I. 
involves three dimensions, that is: 


volume = length X breadth X thickness 
As in square measure these aimensions may be taken in any 


denomination but all must be of the’same denomination. 


The word “cubic” is used to denote the product of the three 
dimensions, thus: 


inches (length) X inches (breadth) X inches (thickness) = cubic inches 





LENGTH 3 FT. ——————> 


pe 








a 
ш. 
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Fic. 30.—Diagram illustrating cubic measure. If each side of the cube measure 3 ft. and it 
be cut as indicated by the lines, each little cube as M, will have each of its sides 1 ft. long 
and will contain 1 X1X1-1 cu, ft. Accordingly the large cube will contain 3X3X3= 
27 cu. ft. or 1 cu. yd. 
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Cubic measure is shown graphically in fig. 30. 


TABLE 
Cubic Measure 


1,728 cubic inches (cu. in.) make 1 cubic foot (cu. ft.) 
27 cubic feet make 1 cubic yard (cu. yd.) 


40 cubic feet of round timber on make 1 ton or load (T) 


50 cubic feet of hewn. timber 
16 cubic feet make 1 cord foot (cd. ft.) 


8 cord feet “| make 1 cord of wood (Cd.) 


128 cubic feet 
2484 cubic feet make 1 perch of stone or masonry(Pch.) 


Scale—Most of the unit equivalents are fractional except 1,728 and 27, 
and are therefore omitted. 
There are other kinds of cubic measure known collectively as 
measures of capacity. These are divided into two classes: 


1. Liquid. 

2. Dry. 

Liquid measure also known as wine measure is used in measur- 
ing various liquids as water, molasses, liquors, etc. 


TABLE 
Liquid measure 
4 gills (gi.) make 1 pint (pt.) 
2 pints make 1 quart (at.) 
4 quarts make 1 gallon (gal.)* 
3114 gallons rnake 1 barrel (bbl.) 


2 barrels or 63 gallons make 1 hogshead (hhd.) 
Unit equivalents 


pt. gi. 

qt. l= 4 

gal. 1= 2 = 8 

bbl. 1 Ae = B30 
hhd. 1 = 31% = 126 = 252 = 1,008 
1 = 2 = 63 = 252 = 504 = 2,016 


Scale—ascending, 4, 2, 4, 3114, 2; descending, 2, 3114, 4, 2, 4, 
*NOTE.—There are two kinds of gallons; the U.S. gallon = 231 cu. ins.; the British 
{Imperial gallon = 277,274 cu. ins. 2 





Reid rer B OT 
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Dry measure is used for measuring such articles as grain, 
salt, fruit, ashes, etc. 
TABLE 


Dry measure 
2 pints (pt.) make 1 quart (qt.) 
8quarts — make 1 peck (pk.) 
4 pecks make 1 bushel (bu.)* 


Unit equivalents 


qt. pt. 

pk. јр =а 

bu, 128-2516 
1 = 4 =32 = 64 


Scale—ascending, 2, 8, 4; descending, 4, 8, 2. 





BUSHEL 


Fries. 31 to 35.—Various dry measure containers. A, pint; B, quart; C, peck; D, 34 bushel- 
E, bushel basket. 





*NOTE.—The standard U. S. bushel is the Winchester bushel, which is, in cylinder form, 
1834 ins. in diameter and 8 ins. deep; it contains 2150.42 cu.-ins. A struck bushel contains 
2150.42 cu. in. or 1.2445 cu. ft. A heaped bushel isa cylinder 1834 ins, in diameter and 8 ins. 
deep, with a heaped cone not less than 6 ins. high. The British Imperial bushel = 8 imperial 
gallons = 2218.192 cu. ins. or 1.2837 cu. ft. 
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TABLE 


Board Measure 


lboard1 in. thick x 1 ft. wide x 1 ft. long = 1 ft. board measure (B.M.) 
Lboard2 in. thick x 1 ft. wide x 1 ft. !ong = 2 ft. board measure 
1 board 14in. thick X 1 ft. wide X 1 ft. long = 1 ft. board measure 
etc. 
from which follows 


Board Measure Rule.—Multiply length in ft. by width in 
Л. of the board and multiply this product by 1 for board an inch or 
less than an inch in thickness, and by the thickness in inches and 
fractions of an inch for board over 1 in. in thickness. 


Example.—How many feet board measure (B. M.) in a board 12 ft- 
long by 18 ins. wide by }4 in. thick?; by 154 in. thick? 


18ins. = 18 + 12 = 1% ft. 
board iin. thick — 12 X 174 X 1-18 ft. B. M. 
board 134 in. thick — 12 X 114 X 194 
= 12Х 1.5 


Х 1.75 = 31.5 й. В. М. 

















Fic. 36.—Lufkin Pacific coast log rule for large timber especially adapted to Pacific coast re« 
quirements, 76 in. square, and has 12 ins. forged steel hook (Seattle pattern). Marking is 
Scribner's scale for even length logs 20 to 48 ft. inclusive. 


64 Arithmetic 











Measures of Weight.—By definition, weight is the measure 
of the force with which bodies tend toward the earih’s center; the 
downward pressure die to gravity minus the centrifugal force due 
to the earth’s rotation. Weight differs from gravity in being the 
effect of gravity or the downward pressure of a body under the 
influence of gravity. Weight is the measure of the quantity of 
matter abody contains. Three scales of weight are used in the U.S.: 

1. Troy (for weighing gold = 
silver, etc.). | 

2. Apothecaries (used by 
druggists in compounding 
medicines). 

3. Avoirdupois (for all 
, ordinary purposes). 














el ap SAU veg CAU SE 

Fic. 37.—Fairbanks platform scale with incline brackets especially adapted to weighing 
wheelbarrow loads or for general use. The brackets cast on the ends of the frame form 
rests for incline planks so that the wheelbarro y loads may be easily run on and off the scale. 


С=с т==г 
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*Troy Weight.—This measure is used in weighing gold, silver 
and jewels; in philosophical experiments, and generally where 
great accuracy is required. The unit is the pound, and of 
this all the other denominations in the table are divisors. 


Table 
Troy Measure 
24 grains (gr.) make 1] pennyweight..................-.- pwt. or dwt. 
20 pennyweights ‘ 1 ounce... 2... cee eee tees 02. 
12 ounces О lb. 


Unit equivalents 


pwt. gr. 
02. 1 = 24 

lb. 12 20 = 480 ` 
1 = 12 = 240 = 5,760 


Scale.—Ascending, 24,20,12; descending, 12,20,24. 


Apothecaries’ Weight.—This measure is used by apothecaries 
and physicians in compounding medicines. 


Table 
Apothecaries’ Measure 
20 grains (gr.) make 1 ѕсгиріе...... DA услу E A Mewes Sc. or Ð 
3 scruples i xjsdramiee ме dr.or 5 
8 drams Set cs OUNCE Lie ео oz.or 5 
12 ounces SER pound troy RUE Qe SIDES lb. or Ib 


Unit equivalents 


sc. gr. 
dr 1 = 20 

02. 1= 3 = 60 

lb. 1= 8 = 24 = 480 
1 = 12 = 96 = 288 = 5,760 


Scale.—Ascending, 20,3 8,12; descending, 12,8,3,20. 


NOTE .—Troy weight 1s sometimes called goldsmiths’ weight. 
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Apothecaries’ Fluid Measure.—The measures for fluids, as 


adopted by apothecaries and physicians in the United States, 
and used in compounding medicines, and putting them up 


for market, are as follows: 
Table 


Apothecaries’ Fluid Measure 


60 minims (M) таке 1 Яџійгасыт(ӣгат)..................... £3 
8 fluidrachms soe wlefluidounceam т #5 
16 fluidounces К рш e cue T 0 
8 pints œ E A T E ceo rates ы Лу Cong 
а Unit equivalents 
А £5 m 
£3 1 = 60 
0 1 8 = 480 
Cong. 1- 16 = 128 = 7,080 
1 = 8 = 128 = 2,048 = 61,440 
Scale.—Ascending, 60,8,16,8; descending, 8,16,8,60. 
Table 
Avoirdupois Weight 
16 drachms (dr.) or 437.5 grains (gr.) make 1 ounce (02.) 
16 ounces make 1 pound (Ib.) 
100 pounds make 1 hundred weight (cwt.} 
2,000 pounds make 1 short ton 
make 1 long ton 


2,240 pounds 


Unit equivalents 
02. dr. 
lb. 1 = 16 
ewt. 1. = 16 = 256 
Т. 1 = 100 = 1,600 = 25,600 
1=20=2,000 =32,000 =512,000 


Scale—ascending, 16, 16, 100, 20; descending, 20, 100, 16, 16. 
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Long ton Table 


28 lbs. make 1 quarter (ar.) 
make 1 long hundred weight (cwt.) 


4 quarters г 
20 hundred weight make 1 long ton (T.) 
qr. lbs. 
cwt, 1 = 28 
lHt-1 24-12 
1 = 20 = 80 = 2,240 


Scale—ascending, 28, 4, 20; descending, 20, 4, 28. 
Also (in Great Britain): 


14 lbs. =1 stone 
2 stone = 28 Ib. =1 quarter 
4 quarters =112 lb. =1 long hundredweight (cwt.) 


+ 20 hundredweight —] long ton 


Shipping Measure 
1 Register ton =100 cu. ft. 


1 U. S. shipping ton = 40 cu. ft. 
= ea U.S. bu. 


; 31.14 imp. bu. 

1 British shipping ton =42 cu. ft. 

Br imp. bu. 
33.75 U. S. bu: 


Circular measure Table 


60 seconds (”) make 1 minute (/) 
60 minutes — make 1 degree (?) 
30 degrees make 1 sign (S) 

360 degrees make 1 circle (C) 


Unit equivalents 


1 Р 
Р 1 = 60 
5 1 = 60 = 3,600 
С 1 30 = 1,800 = 108,000 
1 = 12 = 360 = 21,600 = 1,296,000 


Scale—ascending, 60, 60, 30, 12; descending, 12, 30, 60, 60. 
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TABLE 
Time 
60 seconds (sec.") make 1 minute (min. 
60 minutes make 1 hour (hr.) 
24 hours make 1 day (da.) 
365 days make 1 common year (yr.) 
366 days - make 1 leap year 
12 calendar months make 1 year 
100 years make 1 century (C.) 


Unit equivalents 


min. Sec, 
hr. 1 = 60 
da. 1 = 6 = 3,600 
Wk 1 = 24 = 1,440 = 86,400 
1= 7 = 168 = 10,080 = 604,800 ' o 
= 525,600 = 31,536,000 


yr. mo. | 365 = 8,760 
1 = 12 = } 366 8,784 — 527,040 = 31,622,400 


Scale—ascending, 60, 60, 24, 7° descending, 7, 24, 60, 60. 





Fig, 39 shows a great circle, 


Fics. 39 and 40.—Globes illustrating circular measure. 


or circle passing through the center of the globe. In ccntrast with this is the small circle 
shown in fig. 40. In circular measure each of these circles is divided into 360°. Fig. 
39 shows a quadrant M, made up of two radii and a 90° arc, also a sextant S, measured 
with a 60? arc. Note in fig. 40, the angles L, and F, are the same and accordingly have 
the same number of degrees, but the length of each degree of L, is less than that of F. 
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The Metric System.—This system was adopted in France in 
1795 and its use was authorized in Great Britain in 1864, and in 
the United States in 1866. 

The important feature of the metric is that it is based upon the 
decimal scale, hence, the student should first acquire a knowl- 
edge of decimals before taking up the metric system. 

The meter is the base or unit of the system and is defined 
the one ten-millionth part of the distances on the earth’s surface 
from the equator to either pole. Its value in inches should be 
remembered. 


1 meter - 39.37079 ins. 


1 


The theory of the system is that the meter is a 7 о of a quad. 


rant of the earth through Paris; the liter or unit of volume is a cube of 


1 ; : А - : 1 

iometer side; the gramme or unit of weight is (nominally) 1000 of the 
weight of a liter of water at 4° C. The idea of adopting scientific meas- 
urements had been suggested as early as the 17th century, particularly 
by the astronomer Jean Picard (1620-1682) who proposed to take as a 
unit the length of a pendulum beating one second at sea-level, at a lati- 
tude of 45°. 





NOTE.—The meter, as adopted by England, France, Belgium, Prussia and Russia, is that . 
determined by Capt. A. R. Clarke, R.E., F.R.S., 1866, which at 32° in terms of Imperial 
standard at 62° Fahr. is 39.370432 ins. or 1.009362311 yards, its legal equivalent by Metric 
Act of 1864 being 39.3708 ins., the same as adopted in France. 


NOTE.—Captain Kater’s comparison, and the one formerly adopted by the U. S. Ordi- 
nance Corps, was =39.3707971 inches, or 3.28089976 feet, and the one adopted by the U. S. 
Coast Survey was as above noted, 39.37043235 ins. 
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It must be apparent that the meter is used like the yard in 
measuring cloths and short distances. 

Units of other denominations are named by prefixing to the 
word meter the Latin numerals for the. lower denominations and 
Greek numerals for the higher denominations. 


Lower denomination Higher denomination 
Deci = Мо Река = 10 
Centi = Мо Hecto = 100. 
Milli = Ию Kilo = 1,000 

Myria == 10,000 


Thus one decimeter = !/ of a meter; 1 millimeter = one-thousandth of 
of a meter and one kilometer = one-thousand meters. From this the linear 
table which follows is easily understood. 


Metric Table of Linear Measure 


Metric Denomination ~ Meter U.S. value 
1 millimeter = .001 = 403937 in. 
10 millimeters = 1 centimeter = 01 =  .3937in. 
10 centimeters = 1 decimeter = 1 = 3.937 іп. 
10 decimeters = 1 meter ~ = 1, = 39.3707 ins. 
10 meters = 1 декатејег = 10. = 32.809 ft. 
10 dekameters = 1 hectometer = 100. = 328.09 ft. 
10 hectometers = 1 kilometer = 1,000. = 62137 ini. 
10 kilometers = 1 myriameter = 10,000. = 6.2137 mi. 


The kilometer is commonly used for measuring long distances. 
The square meter is the unit for measuring ordinary surfaces; 
as flooring, ceilings, etc. Ў 


Metric Table of Square Measure 
100 sq. millimeters (sq. mm.) 


= 1 sq. centimeter =  .155+ sq. in. 
100 sq. centimeters (sq. cm.) = 1 sq. decimeter = 15.5 --sq.in. 
100 sq. decimeters (sq. dm.) = 1 sq. meter (sq. m.) = 1.196+ sq. yd. 


1 sa. meter = 10.7639 sa. ft. 
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Metric Table of Land Measure 


1 centiare (ca.) (1 sq. meter) = 1.196034 sq. yd. 


100 centiares (ca.) = 1 are = 119.6034 sq. yd. 
100 ares (A.) = 1 hectare = 2.47114 acres 
100 hectares (һа.). = 1sq. kilometer = .3861 sq. mi 


The cubic meter is the unit for measuring ordinary solids: as 
excavations, embankments, etc. 


Metric Table of Cubic Measure 


1,000 cu. millimeters (cu. mm.) = 1 cu. centimeter = — .061-- cu. in. 
1,000 cu. centimeters (cu. cm.) = 1 cu. decimeter = 61.023 + cu. in. 
1,000 cu. decimeters (cu. dm.) = 1 cu. meter = 35.314 + cu. ft. 


The stere is the unit of wood or solid measure, and is equal to 
a cubic meter or .2759 cord. 


Metric Table of Wood Measure 


1 decistere = 3.531-+- cu. ft. 
10 decisteres (dst.) = 1 stere = 35.316-- са. ft. 
10 steres (st.) = 1 dekastere (dst.) = 13.079-+- cu. yd. 


The liter is the unit of capacity, both of liquid and of dry 
measures, and is equal in volume to a cube which has an edge 
of one-tenth of a meter, equal to 1.05673 qt. liquid measure, 
and .9081 qt. dry measure. 


Metric Table of Capacity 
10 milliliters (ml.) = 1 centiliter 


10 centiliters (cl.) = 1 deciliter 
10 deciliters (dl.) = 1 liter 
10 liters (1.) = 1 dekaliter 


10 dekaliters (dl.) = 1 hectoliter 
10 hectoliters (hl.) = 1-kiloliter, or stere 
10 kiloliters (kl.) = 1 myrialiter (ml.) у 
The hectoliter is the unit in measuring liquids, grain, fruit, and roots in 
large quantities. 
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] myrialiter 
1 kiloliter 

1 hectoliter 
1 dekaliter 
1 liter 

1 deciliter 
1 centiliter 
1 milliliter 
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Ыд}ым>— Č _________- 


Dry Liquid 
= lQcubic meters = 283.72+ bu. =2641.74 gal. 


= lcubicmeter = 28.372+ bu. = 264.17 gal 

= Yis cubic meter = 2.83724 bu. = 26 417 gal 

= 10 cu. dm. = 9.08 quarts = 2.6417 gal 

= ] cu. dm. = .908 quart = 1.0567 qt. 

= Ур си. ат. = 6.1022 си. т. = .845 gil. 

= 10 си. ст = .6102 си. 11. = .338 fluid oz. 
= 1 си. ст = „061 си. т. = .27 fluid dr. 


The gram is the unit of weight, and equal to the weight of a 


cube of distilled 


water, the edge of which is one hundredth of a 


meter, equal to 15.432 Troy grains, 


Metric Table of Weight Measure 


10 milligrams (mg.) 


10 centigrams 


10 decigrams (dg.) 


10 grams (g.) 


10 dekagrams (Dg.) 
10 hectograms (hg.) 


10 kilograms (kg.) =] myriagram 


= l centigram = -154324- gr. troy 
(cg) =1 Sone = 1.54324 4- gr. troy 
= l gr: =  15.43248 + gr. troy 
= 1 deere = .352734- oz. avoir. 
= lhectogram = 3.5274 4- oz. ayoir. 
= 1 kilogram or 
kilo 2.20462 4- Ib. avoir. 


22.04621 4- Ib. avoir. 


10 myriagrams (Mg.) 


or 100 kilograms = 1 quintal 


10 quintals or 
1,000 kilos 


220.46212-+ Ib. avoir, 
1 tonneau, or 
1 ton = 2204.62125+- lb. avoir, 


Symbol pF- $ 
Ratio 


Ratio is the relation of one number to another of the same 
kind. Thus the ratio of 12 to 23 is expressed as 12:23 or in 
the form of a fraction as !2/23. 
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When it is required to determine what the relation of one 
number to another is, it is evident that the first is the dividend, 
and the second the divisor. Я 

When it is required to determine ihe relation between two 
numbers, either may be regarded as dividend or divisor. 

The first number is commonly regarded as the dividend. 


Note the following definitions: 


Terms of a ratio.—The numbers compared. 
Antecedent.—The first term. 

Consequent.—The second term. 

Couplet.-—The antecedent and consequent together. 
Observe from the definitions: | 


ANTECEDENT CONSEQUENT 
12:23 
е 


COUPLET 
Fic. 41.—Example of a couplet. 


Ratio problems should be solved according to the following 
rules: 


Rule 1.—-The terms of a ratio must be like numbers. 
Rule 2.~-The ratio is an abstract number. 


Rule 3.—Mulliplying or dividing both terms of a ratio by the 
same number does not change the ratto of the terms. 
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Rule 4.—Fractions should be reduced to fractions having the 
same denominator; when thus reduced they will have the ratio of 
their numerators. : 


Example.—When steam is cut off at 14 stroke what is the ratio of ex- 
pansion? This ratio is expressed as: 


stroke +cut off 
1 =1хХ4/, =4 


Proportion 
Symbols pF- : 2 2 or “сүү 


Proportion is an equality of ratios, that is, when two ratios 
are equal the four terms form a proportion. A proportion is 
expressed by putting the sign = or : : between the ratios, thus: 


FIRST RATIO SECOND RATIO 


12:18::23: X 
^ \ A К, 


TERMS OF THE PROPORTION 


Fic. 42.—Metnod of writing out a proportion. 





The proportion may also be written: 


12 _ 23 
во 


Arithmetic 75 


- 








Note the following definitions: 


Antecedents.— The antecedents of the proportion are the first and third 
terms. 


Consequents.—The consequents of the proportion are (ће second and 
fourth terms. 


Extremes.—The first and fourth terms. 


Means.—The second and third terms. 


Note extremes and means in the following proportion: 


Е 


— 
12: 18 - 23: X 


о. 


Fic. 43,—Example illustrating extremes and means in a proportion. 


Problems in proportion should be solved according to the 
following rules: | 


Rule 1.—The product of the extremes is equal to the product ` 
of the means. 


Rule 2.— The product of the extremes divided by etther mean 
gives the other mean. 


Rule 3.— The product of ihe means divided by either extreme 
gives the other extreme. 


There are several kinds of proportion defined as follows: 


t 
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Simple proportion.—An equality between two simple ratios. 


Compound proportion.—One in which either ratio is compound, that is, 
either ratio is the product of two or more simple ratios. 


Direct proportion.—One in which each term increases or diminishes, as 
the one on which it depends increases or diminishes. 


Inverse proportion.—One in which each term increases as the term upon 
which it depends diminishes, or diminishes as it increases. 


Example in direct proportion.—1f an engine make 475 revolutions in 
one minute, how many will it make in two minutes? 


small large short long 
number of numberof time time 
rev. rev. 
475 $ X ze cq su 


Note that each ratio must contain quantities of the same kind. The un- 
known quantity is represented by theletter X. Since from the example it is 
evident that the consequent of the first ratio will be greater than the ante- 
cedent, write down the second ratio so its consequent is greater. than its 
antecedent, thus: 


FIRST RATIO 1 SECOND RATIO 


у — 


REV. REV. TIME TIME 
4 1 e = e 
SMALL 
SMALL TERM РА | TEM 


LARGE TERMS 
UNKNOWN 
QUANTITY 


Fic. 44.—Example illustrating how to arrange a proportion. 


Multiplying extremes and means according to Rule 1. 


Хх1=475х2 
from which 
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Х = =950 rev. 





475 X2 
1 


Example in inverse proportion.—1t 12 men can dig a ditch in 18 hours, 
how long would it take 23 men to dig the same ditch? 

Evidently 23 men will dig the ditch in /ess time than 12 men, and the pro: 
portion will be arranged thus: 


ce He Р ME poa E nd р TT 


of men of men time time 
Substituting 
men men time time 
12 : 23 = х : 18 


23Х =216 
X =9.3 hrs., or 9 hrs., 18 min. 


Short Form for Simple Proportion.—A simple proportion as 


for instance: 
12:18 = 23: Х 


may be expressed in practical form, as: 
12.723 


18 X 
which by putting X in the numerator becomes: 


X 23 23 
18 =12 9" гХ = 18x75 =34% 


Hence in a simple proportion the value of X, the unknown term, is the 
product of one of the known terms multiplied by the ratio of the other two 
terms. From the nature of the problem it is easily determined whether the *atic 
will be greater than or less than 1. 


The problem may then be expressed by one equation ac- 
cording to the following rules. 
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Rule 1.—Find the ratio terms and put down in fractional form 
making the fraction greater than or less than one as determined 
by the nature of the problem. 


Rule 2.—Muitiply the ratio by the third known term. 


Example.—If a pump deliver 23 gals. of water in 5 minutes, how long 
will it take to pump 475 gals.? 


The third term will be of the same kind as the unknown term; in the exam- 
ple, 5 minutes. The two other known terms, 23 and 475, form the ratio. 
Evidently the answer will be greater than 23 the third term, and the ratio 
greater than 1. Knowing this the equation is written 


unknown third ratio 
term term 


X = 5 m = 103.3 minutes 


Compound Proportion.—This is an expression of equality 
between a compound and a simple ratio, or between two com- 
pound ratios. The principle of compound proportion is that 
the product of two or more proportions is a proportion. 

In stating problems in compound proportion the quantity 
that corresponds to the answer required is made the third 
term. Each pair of the remaining quantities is then considered 
separately with reference to the answer required. 


Example.—If 4 men cut 15 trees in 5 days of 14 hrs., in how many days 
of 13 hrs. can 7 men cut 1914 trees? 


As the answer is to be in days, make 5 days the third term. It will re- 
quire less days for 7 men to cut 15 trees than for 4 men. Therefore, make 7 
the first term, and 4 the second. 


It will require more days for the same number of men to cut 19V$ trees 
than to cut 15 trees. Therefore, make 15 the first term and 1914 the second 





Рой - и о - -= - — T ——— 
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It will require more days of 13 hrs. than of 14 hrs. for the same number 
of men to cut the same number of trees. Therefore, make 13 the first term 
and 14 the second. 

Hence, 


7| 4 
15;:19.5; 25 days: X 
13] 14 ] 
Therefore, the fourth term, or the time required is 


4X19.5x 14 X 5 days 
== А 
7X15X13XX 2 





Short Form for Compound Proportion.—In every compound 
proportion all the terms appear in ratios except one which is 
of the same kind as the answer and called the odd term. Find 
the unknown term according to the following rules. 


Rule 1.—Multiply the odd term by the product of all the ratios. 


Rule 2.—Make each ratio greater than, ov less than one ac- 
cording as the unknown term (depending upon each ratio sep- 
arately) should be greater than or less than the odd terms. 


Example.—lIf it cost $4,320 to supply 32 men with provisions for 18 
cays, when the rations are 15 ozs. per day, what will it cost to supply 24 
men for 34 days, when the rations are 12 ozs. per day? 


men days ounces 


24,34,12 
3320 X= Ж X= = $4,896 
$4,320 X25 X75 Xie $4,8 


Percentage 


Symbol me Z | 
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Percent is briefly, the rate per hundred; from the Latin per 
centum meaning by the hundred, that is a certain part of every 
hundred. Thus 23 per cent means 23 out of every hundred. 


To illustrate, 23 per cent of one dollar, or 100 cents =з of 
100 =23 cents. 


The sign for per cent is %. Thus 12% is read twelve per 
cent. 


Since per cent is a number of hundredths, it is usually 
expressed as a decimal. 12% or ws is written .12. 


Note carefully how to express percentage as follows: 
In a statement write twelve per cent 12%. 

In a calculation write twelve per cent .12. 

Note carefully how to express less than one per cent. 


Example.—Express 4 of 1% as a decimal. 


1 1 
1, = 1 a Se = 
X of 196 M of 00 100 .0025 


The following terms should be understood: 


Rate.—The number of hundredths taken. 
Base.—The number on which the percentage is computed. 


Percentage.—The number which is a certain number of hundredths of 
the base. 


Amount.—The sum of the base and percentage. 
Difference.—The base less the percentage. 


Percentage involves the following kinds of problems: 


Case 1.—To find the percentage when the base and rate are given. 
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Case 2.—To find the base when the percentage and rate are given. 
Case 3.—To find the rate when ihe base and perceniage are given. 
Case 4.—To find the base when the amount and rate are giten. 


Case 5.—To find the base when the difference and rate are given. 


Case 1.—To find the percentage when the base and rate are 
given: 


Rule.—Multiply the base by the rate. 


Коттийа: Р=ВХхЕ.................................. (1) 
Example.—What is 23% of 475? 
Here 475 is the base and 23% the rate. Substituting in formula (1) 
P=475 X .23 =109.25 


Case 2.—To find the base when the percentage and rate are 
given, 


Rule .—Divide the percentage by the rate. 


Еоттиа: ВЕАР-Е.................................. (2) 


Example.—A farmer lost 24 sheep which was 12% of his flock. How 
many sheep did he have? 


Here 24 is the percentage and 12 % the rate. Substituting in formula (2) 
B =24 + .12 = 200 sheep 


Case 3.—To find ihe rate when the base and percentage are 
given. | 
Rule.— Divide the percentage by the base. 


rormula: R=P+B 





82 Arithmetic 





Example.—1f Gilbert deposit $26 with Stevens and draw $10 what 
part of it is withdrawn? 


Here $26 is the base and $10 the percentage. Substituting in formula (3) 
R 2102-26 — 384 or 38149 withdrawn by Gilbert 


Case 4.— To find the base when the amount and rate are given. 


Rule.— Divide the amount by 1+the rate. 
Formula: В=А – (1+Е)... 2.222... 2... 2... 0... A (4) 


Example.—What number increased by 25% of itself equals 475? 


Here 475 is the amount and 1.25 is one plus the rate. Substituting in 
formula (4) 


475 +1.25 =380 


Case 5.—To find the base when the difference and rate are 
given. 


Rule.— Divide the diffecence by 1—the rate. ` 

воина: ВЕТ Вр (5) 
Example.—What number diminished by 27% of itself equals 401.5? 
Here 401.5 is the difference and 1—.27, or .73, is 1 minus the rate. Sub- 


stituting in formula (5) 
401.5 +73 =550 


TEST QUESTIONS 


1. What is arithmetic? 


2. Give list of signs and abbreviations used. 
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. What is the difference between Roman and Arabic 


systems? 


4. Numerate the number 1223475. 


. Give ten formulae which include the elementary op- 


erations of arithmetic. 


. Give rules for addition. 


7. What is the difference between the subtrahend and the 


11. 


12: 
13. 


14 


15; 
16. 
17; 
18. 
19. 


тїпмепа? 


. Multiply 4175 by 1223. 
. Give the Italian short proof method for multiplication. 
10. 


What is the difference between a root and an ex- 
ponent? 


What kind of numbers are divisible by: 2, 3, 4, 5, 6, 
7, 8, 9, 10, 11, and 13, odd number, even num- 
ber, etc.? 


What is the greatest common divisor? 
Find the least common multiple of 60, 84 and 102. 


What is a vulgar fraction? 

What is a decimal? 

Express .23 in the form of a fraction. 
Numerate the decimal .0000138. 

How are calculations shortened by cancellation? 


Find the square root of 12143785. 
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20. Explain the method of mental cube root. 
21. Give a simple rule for cube root. 
22. How is lumber measured by the board measure rule? 


23. What is the difference between direct and inverse pro- 
portion? 
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CHAPTER 2 


Plane Geometry 


By definition, geometry is that branch of pure mathematics 
that treats of space and tts relations: 


In other words, it is the science of the mutual relations of points, lines, 
angles, surfaces and solids, considered as having no properties except those- 
. arising from extension and difference of situation. 


Proposition.—This is a statement of something to be done. 
Thus,— 

The sum of the angles of a triangle is equal to two right 
angles, is a proposition to be proved. A proposition is either 
a theorem or a problem. 

The student should clearly understand the difference be- 
tween the following: 


Axiom.—A self-evident truth; a proposition; or principle that needs no 
demonstration. 


Theorem.—A proposition not self-evident that is clearly demonstrably 
true or acknowledged as such; 2. a proposition setting forth something 
to be proved, as opposed to problem. 


Corollaru.—A proposition following so obviously from another that it 
requires little or no demonstration. 


Postulate.—A self-evident statement claimed as basis of argument 
especially regarding a geometrical construction. 


Problem.—A proposition in which some operation or construction is 
required, also the demonstration showing how the task is to be accom- 
plished. 
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Axioms.—The self-evident truths which follow are im- 
portant axioms used as bases of proofs in goemetry. 


Axioms 


. Things equal to the same thing are equal to each other. 

. If equals be added to equals the sums will be equal. 

. If equals be subtracted from equals, the remainders will be equal. 

. If equals be multiplied by equals the products will be equal. 

. If equals be divided by equals, the quotients will be equal. 

. Jf equals be added to unequals, the sums will be unequal. 

. If equals be subtracted from unequals, the remainders will be unequal. 


WN 0 WP WN = 


. The whole is greater than any of its paris and is equal to the sum of all 
its parts. ђ 


9. Things which are halves of the same thing are equal to each other. 
10. Things which are doubles of the same thing are equal to each other. 


11. A quantity may be substituted for its equal in an equation or in an 
inequality. 


Postulates.— The self-evident propositions or postulates 
which follow are also used as bases of proofs: 


1. One straight line and only one can be drawn through two given points. 
2. A straight line may be produced to any required length. | 
3. A straight line is the shortest distance between two points. 


4, A circle may be described with any given point as a center and any 
given line as a radius. 


5. Any figure may be moved from one place to another without altering tts 
size or shape. 


6. The two adjacent angles which on^ straight line makes with another are 
together equal to a straight angle. 


7. If the sum of two adjacent angles be a straight angle, their exterior sides 
are in the same straight line. 


8. A right angle is half a straight angle. 
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9. All straight angles are equal. 





10. Two straight lines whose extremities coincide must meet throughout 
their whole extent. 


11. All radii of the same circle, or of equal circles, are equal and all circles 
of equal radii are equal. 


Corollaries.—The corollaries here given should be carefully 
noted: 


1. Two points determine a straight line. 
2. Two straight lines can intersect in only one point. 
3. All right angles are equal. 


4. From a given point in a given line only one perpendicular can be drawn 
to the line. 


5. Equal angles have equal complements, equal supplements, and equal 
conjugates. 


6. The greater of two angles has the less complement, the less supplement 
and the less conjugate. 


7. In a triangle there can be but one right angle or one obtuse angle. 
8. Corresponding parts of equal figures are equal. 


9. Two points each equidistant from the extremities of a line determine the 
perpendicular bisector of ihe line. 


Notation.—There are a few symbols used so frequently that 
they should be understood before taking up theorems. They 
are as follows: 


= equality sign || parallel O parallelogram 
< is less than L perpendicular o circle 


> is greater than Zangle A triangle 





—— = << 
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.'. therefore Theo. theorem 
“square Cor. corollary 
— rectangle Post. postulate 


Q. E. D. which was to be proved (Latin: quod erat demon- 
strandum). 


Q. E. F. which was to be done (Latin: quod erat faciendum). 


Definitions 


Acute Angle.—An angle less than a right angle. 


Adjacent Angles.—Angles lying next to each other. Angles having 2 
common side and vertices at the same point. 


Altitude.—The elevation of an object above its base, or the perpendicu- 
Jar distance between the top and bottom of a figure. 


Angle.—The difference in direction of two lines which meet or tend to 
meet. The lines are called the sides and the point of meeting, the vertex of 
the angle. Angles are distinguished in respect to magnitude by the terms 
right, acute and obtuse angles. 


Apex.—The summit or highest point of an object. 
Arc.—Part of the circumference of a circle. 


Axis of a Figure.—A straight line passing through the center of a figure, 
and dividing it into two equal parts. 


Base.—The lowest part. 
Bisect.—To divide into two equal parts. 


Bisector.—A line which bisects. 


Circle—A plane figure bounded by one uniformly curved line, all of 
the points in which are at the same distance from a certain point within, 


ra, 
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called the center. The circle is the space contained within the сисит- 
ference. Of all plane figures the circle has the greatest area within .the 
same perimeter. 


Circumscribe.—To draw the line of a figure about or outside, such as 
a circle drawn around a square touching its corners. 


Complement of an Angle.—The angle added to it to form a right 
angle. 


Concave.—Curving inwardly. 


Conic Section.—A figure for.ned by the intersection of a plane with 
a right circular cone; a triangle, ellipse, parabola or hyperbola according to 
the position of the cutting plane. 


Conjugate of an Angle.—The angle added to it to make a perigon. 
Constant.—Remaining unchanged or: invariable. 

Contour.—The outline of an object. 

Convergence.—Lines extending toward a common point. 


Converse Propositions.—Propositions so related that what is given 
in each is what is to be proved in the other. 


Convex.—Rising or swelling into a round form—the opposite to con- 
cave. 


Curve.—A line of which no part is straight. 
Degree.—The 360th part of a circle. 
Describe.—To make or draw a curved line; to draw a plan. 
Develop.—To unroll or lay out. 


Diagonal.—A right line drawn from angle to angle of a quadrilateral or 
many angled figure and dividing it into two parts. 


Diameter.—A right line passing through the center of a circle or other 
round figure terminated by the curve and dividing the figure symmetrically 
into two equal parts. 


Edge.—The intersection of any two surfaces. 


Elevation.—The term elevation, vertical projection and front view— 
applied to drawings—all have the same meaning. 
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Ellipse.—The locus of a point which moves so that the sum of its 
distances from two fixed points called the foci, is a constant. 


Exterior Angle.—Angle formed by the side of a polygon and an ad- 
jacent side produced. i 


Foci.—Two points the sum or difference of whose distances to a conic 
section is a constant. In an ellipse the sum of the distances is a constant. 


Foreshortening.—-Apparent decrease in length, owing to objects being 
viewed obliquely; thus a wheel, when seen obliquely, instead of appearing 
round, presents the appearance of an ellipse. 

Generate.—To form a geometric magnitude by moving a point, line 
or surface. A line is generated by moving a point; a surface by moving 
a line. 


Hemisphere.—Half a sphere obtained by bisecting a sphere by a plane. 


Horizontal.—Parallel with the surface of smooth water. In drawing, а 
line drawn parallel with the top and bottom of the sheet is called horizontal 


Hypothesis.—A supposition on which a demonstration may be founded. 


Hypotenuse.—The side of a right angled triangle opposite the right 
angle. 


Inscribe.—See circumscribe—its opposite. 


Intercepted Arc.—The part of the circumference between the inter- 
section of two lines with the circumference. 


. Interior Angle.—One of the four inside angles made by a line cutting 
two parallel lines. ; 


Locus.—A straight line, surface or curve regarded as traced by one or 
more points or a line moving under specified conditions. The locus of the tip 
of a clock hand is a circle. 

Longitudinal.—In the direction of the length of an object. 

Normal.—A perpendicular to a line at the point of tangency to a curve. 


Oblique.—Neither horizontal nor vertical. 


Oblong.—A rectangle with unequal sides. 
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Obtuse Angle.—Greater than a right angle. 
Opposite Angles.—Angles which do not lie on the same side of a line. 


Oval.-—A plane figure resembling the longitudinal section of an egg: or 
elliptical in shape. 


Overall.—The entire length. 
Parallel.—Having the same direction and everywhere equally distant. 


шшс entire space around a point. The sum of four right 
angles. 


Perimeter.—The boundary of a,closed plane figure. 
Periphery.—Circumference. 
Perpendicular.—At an angle of 90°. 


Perspective.—View; drawing objects as they appear to the eye from any 
given distance and situation, real or imaginary. 


Plan.—Plan, horizontal projection and top view have the same meaning. 


Plane Figure.—A part of a plane surface bounded by straight or curve 
lines, or by both combined 


Polygon.—A plane figure bounded by straight lines called the sides of 
the polygon. The least number of sides that can bound a polygon i is three. 
Polygons bounded by a greater number of sides than four are. designated 
only by the number of sides. 


Projection.—The view of an object obtained upon a plane by projecting 
lines perpendicular to the plane. 


Quadrant.—The fourth part; a quarter; the quarter of a circle. 
Quadrilateral.—A polygon having four sides. 
Quadrisect.—To divide into four equal parts. 


Radius.—A straight line from the center of a circle to the circumfer- 
ence; half the diameter. 


Rectangle.—A rectangle isa parallelogram having its angles right angles. 
Rectilinear.—Right lined; straight. 

Reflex Angle.—An angle greater than a straight angle. 
Right Line.—Straight line. 
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Scholium.—A remark pertaining to one or more preceding propositions. 

Section.—A projection upon a plane parallel with a cutting plane which 
intersects any object. The section generally represents the part behind 
the cutting plane, and represents the cut surfaces by diagonal lines. 


Sector.—The part of a circle included between two radii and the inter- 
. cepted arc. 


Segment.—The portion of a circle included between a chord and the 
arc which it subtends. 


Straight Angle.—One in which the sides of the angle extend in opposite 


directions and form a straight line. A straight angle is equal to two right 
angles. 


Subtended Arc.—Portion ot the circumference between the intersec- 
tions of a chord. 


Supp.ement of an Angle.—The angle added to it to make a straight 
angle. 


Surface.—Space having only two dimensions—length and breadth. 


Symmetry.—A proper adjustment or adaptation of parts to one an- 
other and to the whole. 


Tangent.—A line which touches the circumference in only one point. 
Triangle.—A polygon having three sides and three angles. 
Trisect.—To divide into three equal parts. 


Variable.—A quantity which, by the conditions of a problem, is sus- 
ceptible of continuous change of value. 


Vertex.—See angle, quadrilateral, triangle. The vertex of a cone is the 
point in which its axis intersects the lateral surface. 


Vertical.—Upright or perpendicular to a horizontal line or plane. Ver- 
tical and perpendicular are not synonymous terms. 
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Lines.—There are two kinds of lines: straight and curved. A 
straight line is the shortest distance between two points. A curved 
line is one which changes its direction at every point. Two lines 
are said to be parallel when they have the same direction. A 
horizontal line is one parallel with the horizon or surface of the 
water. A lineis perpendicular to .another line when it inclines 
no more to one side than the other. 


SHORTEST DISTANCE BETWEEN M ano S- 5 


M o— —— — S HORTEST DISTANCE BETWEEN MT o 


A 


HANGES AT Every 
РОМУ 
CURVED LINE 


B 


caecos ~ 
9 








PARALLEL LINES 


C 
D 


PERPENDICULAR LINES 





г 






Fics. 45 to 48.—Various lines. Fig. 45, straight; fig. 46, curved; fig. 47, parallel; fig. 48, 
perpendicular. 
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Angles.—An angle is the difference in direction of two lines 
proceeding from the same point called the vertex. 


Angles are said to be, right, when formed by two perpendicular lines. 


Plane Figures.—The term plane figure denotes a plane sur- 
face bounded by straight or curved lines. A proper conception 


RIGHT | ANGLES 


# Ф, 


| PERPENDICULAR LINES y 


| 






| COMPLEMENT, 
3 OF ANGLE @ 

SUPPLEMENT at 

OF ANGLE 8 





Fics. 49 to 52.—Various angles. Fig. 49, right; fig. 50, acute; fig. 51, pop Luce: fig. 52, com- 
plement and supplement of an angle. 


of the term “‘plane’” is éssential. A plane ôr plane surface is 
one such that any straight line joining any two points lies wholly 
in the surface. 

Fig. 53 defines a plane surface, and figs. 54 and 55 the ordi- 
nary and erroneous idea of such surface. There is a great 
variety of plane figures known as polygons when their sides 
are straight lines. The sum of the length of the sides is called 
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the perimeter. A regular polygon has all its sides and angles 
equal. Plane figures of three sides are known as triangles; of 
four sides, quadrilaterals, etc. Various plane figures are also 
formed of curved sides.as circles, ellipses, etc. 


Lines and Triangles 


Theorem 1.— 7f two straight lines intersect, the opposite angles 
are equal. 


PLANE SURFACE 






EVERY POINT / . — 
ON LINE [M 
LIES JIN THE 
SURFACE 


#1G. 53.—Proper conception of a plane or plane surface. 


HARDLY ANY TWO POINTS SO CALLED PLANE STRAIGHT 
LIE IN THE STRAIGHT LINE. SURFACE. LINE 


DRESSED 


IRREGULAR SURFACE 
OF BOARD 


Fies. 54 and 55.—Popular and erroneous Conception of a plane or plane surface. 








а же 
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In fig. 56, 


Given: Lines A C and B D intersecting at O. 
To Prove: ZAOB= ZCOD. 


Proof 
ZAOB+ ZBOC<=a st. Z or 180° Post. 6 
Likewise ZBOC+ ZCOD =a st. < or 180°. 
* AOB+ ZBOC = ZBOC+ ZCOD. Post. 9 
С В 
О 
D . ЗА 


Fic. 56.— Theorem 1. 


Subtract ZBOC from both sides of the equation Ax. 3 
'. ZAOB- ZCOD. Q.E.D. 


Theorem 2.—If two angles and the included side of one tri- 
angle be equal respectively to two angles, and the included side of 
another triangle, the two iranges are equal. 

In figs. 57 and 58, 


Given: A ABC and A XYZ with angle A equal to angle X2 
angle B equal to angle Y, and with AB equal to XY. 


To Prove: A ABC = AXYZ. . 
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Proof. 


Place the A ABC upon the A XYZ so that AB shall coin- 
cide with its equal XY. Post. 5 


Then AC will fall along XZ and BC along YZ, because 
ZA-ZX and ZB- ZY. 


'. C will fallonZ Cor. 2 
'. the two A are equal 


(If two figures can be made to coincide in all their parts, they are equal.) 


АД 
А B x Y 


fics. 57 and 58.—Taeorem 2, 


/ 
UNEQUAL SIDES 
EQUILATERAL 
ISOSCELES 
TWO SIDES EQUAL 
о 
RIGHT ANGLE 






EQUAL SIDES 


BTUSE ANGLE 


Fries. 59 to 63.—Various triangles. 
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Theorem 3.— The angles opposite the equal sides of an isosceles 
triangle are equal. : 

In fig. 64, 

Given: A ABC having AC =BC. 

To Prove: ZA= ZB. 

Proof. 
Assume CD drawn so as to bisect Z ACB. 
Then in the AACD and BCD 


—————— Ael 





A D B 
Fic. 64.— Theorem 3. 
AC - BC, 5 
CD=CD, 
(That ts, CD 15 common to the two triangles.) 
and 
ZACD = ZBCD 
(For CD bisects Z ACB.) 
. `. AACD = ABCD Theo. 16 
~ and accordingly 
ZA= ZB. Cor. 8. Q.E.D. 
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Theorem 4.—The sum of the three angles of a triangle ts equal 
to two right angles. 

In fig. 65, 

Given: AABC. | 

To Prove: ZA+ ZB+ ZC=2 rt. 4 or 180° 


Proof. 
Assume line BY drawn || with AC, and produce AB to X. 
© 
ү 
А в X 

їс. 65.— Theorem 4. 

Then ZXBY+ ZYBC+ ZCBA=2 rt. A Post. 8 

But ZA= ZXBY Theo. 12 
and де = Уве Theo. 13 


(Because BY is parallel with AC.) 
-) ZA+ZB+2ZC=2rt. 4 Ax. 11. Q.E.D. 
The 4 A and C are the opposite interior A of the exterior L CBX. 
Quadrilaterals 
Theorem 5.—The opposite sides of a parallelogram are equal., 
In fig. 74, 
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SQUARE RECTANGLE 


-RHOMBUS RHOMBOID 


Fics. 66 to 69.— Various quadrilaterals. 1. Оррозйе sides parallel. 






TRAPEZOIO 


Ф 


RIGHT TRAPEZIUM 






tSOSCELES 
TRAPEZOID 


Fics. 70 and 72.—Various quadrilaterals. 2. Two sides parallel. 
Fics. 71 and 73.—Various quadrilaterals- 3. Oppesite sides not parallel. 


re = m ЕЕ 





Plane Geometry 101 


Given: [7 АВСР. ч í 
To Prove: BC=AD and AB=DC. 
Proof. 


Draw diagonal AC. 
In the A ABC and ADC 


AC=AC, 

ZBAC= ZDCA, 

ZACB= ZCAD. Theo. 13 
D С 
А в 
Fic. 74.—Theorem 5. 

... AABC = AADC Theo. 2 
.". BC=AD and AB =DC Cor. 8. Q.E.D. 


Theorem 6.— The diagonals of a parallelogram bisect each 
other. 5 


Given: O ABCD with diagonals AC and BD which inter- 
sect at O. 
In fig. 75, 


УЗО et Пра 





102 | Plane Geometry 
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To Prove: AO=OC and BO=OD. 





Proof. 
In the A ABO and CDO 
AB=CD Theo. 5 
also 
ZBAO= ZDCO, 
ZOBA= ZODC. Theo. 13 
hence AABO = ACDO Theo. 2 





Fic. 75.—Theorem 6. 


“AQ =O0C 
.. BO=OD Cor. 8. Q.E.D. 
Theorem 7.—The sum of the interior angles of a polygon 15 


equal to two right angles, taken as many times, less two, as the 
- figure has sides. 


In fig. 76, 
Given: Polygon ABCDEF having n sides. 


cA = a ME сазана сой ae, 
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To Prove: Sum of the interior 4=(n—2)xX2 rt 4 


Proof. 


Draw diagonals from A. This divides the polygon into a 
number of triangles. 


The sum of the ДА of the A is equal to the sum of the A of the polygon. 


The sum ofthe Aofeach A=2rt. Aand there are (n—2) A 
| Тһео. 4 


.'. the sum of the 4 of the (x —2) A, that is, 





Ес. 76.— Theorem 7. 


the sum of the АД ог the polygon, is equal to (n—2)X 
2 rt. 2 Ax. 4. Q.E.D. 


Circles. 


Theorem 8.—If any two points be taken in the circumference 
of a circle, the straight line which joins them will fall within the 
circle. 


Given: © ABC and points A and B in the circumference. 


5 а ——O D M ntÀ——— QM QrÓ€ I (À 
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To Prove: The straight line drawn from A to B will fall 
within the circle. 
Proof. 
In fig. 83, 


Take E, any point in AB, join DE, and let it meet the circle 
in F. 


PENTAGON 


HEXAGON HEPTAGON 


6 7 











OCTAGON NONAGON 


8 9 10 


SIDES SIDES 


Fics. 77 to 82.—Various polygons having from five to ten sides. Of these the most important 
are the hexagon (six sides) and the octagon (eight sides). 


DA-2Db Post. 11 


DECAGON 





“.ZDAB= ZDBA Theo. 3 
ZDEB> ZDAE Theo. 17 

hence ZDEB> ZDBE 
..DB>DE Theo. 18 


hence 
DF>DE 
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and E is within the circle. Q.E.D. 
The same may be proved of any point of AB. 





Fic. 83.— Theorem 8. 

Theorem 9.— Through three points not in a straight line one 
circle, and only one, can be drawn. 

In fig. 84, 

Given: The three points A,B,C. 





Fic. 84.—Theorem 9. 
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To Prove: Only one circle can be drawn through A, B 
апа С. 
Proof. 


Draw AB and BC. 
Bisect AB and BC and erect Ls, intersecting at some point O. 
Any point in a L bisector ts equidistant from the ends of the line 


bisected. Theo. 15 


M 
у 


Fic. 85.—Theorem 10. 


.. common point О is equidistant from points A, B and C. 

.. A circle, described with center O and radius equal to 
the distance between O and any one of the points, will pass 
through the three points. 


(The locus of a point in a plane at a given distance from a fixed point ts a 
circle.) ~ 


Moreover, only one circle can be described because there is 
only one point O lying in both 15. Cor. 2. Q.E.D. 
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Theorem 10.— The line of centers of two intersecting circles is 
the perpendicular bisector of their common chord. 


In fig. 85, 


Given: Two circles intersecting at M and S and the line 
QO’ connecting the centers OO’. 


To Prove: OO’ bisects MS, the common chord. 


Proof. 


Join the points O and O’ to M and S. 
ОМ =05 апа ОМ =0'5. Post. 11 


.. the two points O and O’ are each equidistant from M 
and S. ` 


.. OO’ is the L bisector of MS. Cor. 9. Q.E.D. 


Additional Theorems 


11.—If a triangle and a parallelogram have equal bases and 
equal altitudes, the triangle will be half the parallelogram. 


12.—If two parallel lines be cut by another line the exterior în- 
ѓетіот angles are equal. 


is if two parallel lines be cut by another line the alternate 
interior angles are equal. — 


14.—4A right angle is half a straight angle. 


15.— The locus of a point equidistant from the extremities of 
a given line is the perpendicular bisector of that line. 
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16.—Two triangles are equal if two sides and the included 
angle of one be equal respectively to two .sides and ihe included 
angle of the other. 


— 17.— 1f one side of a triangle be produced, the exterior angie 
is greater than either of the opposite interior angles. 


18.—The greater angle of every triangle has ihe greater side 
opposite to il. 





NOTE.—The presentation of the subject-matter of geometry as a connected and logical 
series of propositions, prefaced by “‘Opol"' or foundations, had been attempted by many; but it ie 
to Euclid that we owe a complete exposition. There is probably little .n the Elements that is 
original excépt the arrangement; but in this Euclid surpassed such predecessors as Hippocrates, 
Leon, pupil of Neocleides, and Theudius of Magnesia, devising an apt logical model, although 
when scrutinized in the light of modern mathematical conceptions the proofs are riddled with 
fallacies. According to the commentator Proclus, the Elements were written with a twofold 
object, first, to introduce the novice to geometry, and secondly, to lead him to the regular 
solids; conic sections found no place therein. 


NOTE.—What Euclid did for the line and circle, Appolonius did for the conic sections, but 
there we have a discoverer as well as editor. Their works contain the greatest contributions to 
ancient geometry. Between Euclid and Apollonius there flourished the illustrious Archimedes, 
whose geometrical discoveries are mainly concerned with the mensuration of the circle and conic 
sections, and of the sphere, cone and cylinder, and whose greatest contribution to geometrical 
method is the elevation of the method of exhaustion to the dignity of an instrument of research. 


NOTE.—The extraordinary mathematical talent which came into being in the 16th and 17th 
centuries reacted on geometry and gave rise to all those characters which distinguish modern 
from ancient geometry. The first innovation of moment was the formulation of the principte 
of geometrical continuity by Kepler. The notion cf infinity which :t involved permitted gen- 
eralizations and systematizations hitherto unthought of, and the method of indefinite division 
applied to rectification, and quadrature and cubature problems avoided the cumbrous method of 
exhaustion and provided more accurate results. 


NOTE.—The Romans, essentially practical and having no inclination to study science qua 
science, had a geometry which only sufficed for surveying, and even here there were abundant 
ínaccuracies, the empirical rules employed being akin to those ot the Egyptians and Heron. 
The Hindus, likewise, gave more attention to computation, and their geometry was either of 
Greek origin or in the form presented in trigonometry, more particularly connected with 
arithmetic. 
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11. 
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14. 


15. 


TEST QUESTIONS 


. What is a proposition? 
. Define: axiom, theorem, corollary, postulate, problem. 


. What do the abbreviations Q.E.D. and Q.E.F. stand 


for? 


. How is a plane determined? 
. If two straight lines intersect, how do the opposite 


angles compare? 


. Name the various triangles. 
. What is the difference between a rhombus and a 


rhomboid? 


. Prove that the diagonals of a parallelogram bisect each 


other. 


. What is the sum of the interior angles of a polygon 


equal to? 

Show that if two points be taken in the circumference 
of a circle the straight line which joins them will 
fall within the circle. 

Prove that through three points not in a straight line 
one circle and only one can be drawn. 

Show that the line of centers of two intersecting circles 
is the perpendicular bisector of their common chord. 


. If two parallel lines be cut by a straight line how do 


the exterior interior angles compare? 

What is the difference between a right angle and half 
a straight angle? 

What relation does the locus of a point equidistant 
from the extremities of a given line bear to the 
given line? 


pass — 
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16. Under what conditions are two triangles equal? 
17. How do the angles of a triangle and the sides opposite 
compare? 


18. What is the magnitude of the sum of three angles of a 
triangle? 
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CHAPTER 3 


Geometrical Propositions 


In this Chapter, a number of propositions relating to lines, 
triangles, quadrilaterals, etc., are given without proots fo! 
convenient reference. Numerous theorems with proofs are 
given in the chapter preceding. 


A 





F 


Fics. 86 and 87.—Propositions 1, 2 and 3, relating to lines. 


Propositions Relating to Lines 


_1. If two lines intersect, then the opposite angles formed by the intersecting 
[ines are equal. 


In fig. 86 
Angle L = angle R 
Angle A = angle F 


2. When two lines intersect, any two adjacent angles are equal to two right 
angles. 
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In fig. 86 
L+ A = 180° 
R + F = 180° 


3. If a line intersect two parallel lines, the corresponding angles formed by 
the intersecting line with the parallel lines are equal. 


In fig. 87 


ии 


Ге; А = АВ = ВТЕ =F 


Propositions Relating to Triangles 


1. Тре sum of the three angles in a triangle always equals 180 degrees. 
"Hence, if two angles be known, the third éngle can always be found. 


In fig. 88 
A+ B+C = 180° 
A = 180°—(B+C). 
В = 180° — (А + С). 
С = 180° — (А + В). 


Fic. 88.—Proposition 1, relating to triangles. 


FOLD OVER ON 180° 
D SE. LINES TONS 
h d N 
m s 


Fics. 89 and 90.— Visual proof that the sum of the three angles of a triangle is equal to two right 
angles, or 180°. Draw altitude and bisect it at R Through R, draw hé, parallel with 
base and complete the rectangle Ad,ms Cut out the triangle and fold over the ends on 
the lines mh, hd and ds, as in fig. 90. Evidently the sum of the three angles L, A, and Е. 
thus folded equals two right angles or 180° 
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2. If one side and two angles in one triangle be equal to one side and similarly 
located angles in another triangle, then the remaining two sides and angle are 
also equal. 

In figs. 8] and 92 

Теа = а, А = A’andB = B’, then the two other sides and the remaining 
angle are also equal. a 





a 
Fics. 9] and 92.—Proposition 2, relating to triangles. 


3. If two sides and one angle in one triangle be equal to two sides and a sim- 
ilarly located angle in another triangle, then the remaining side and angles are 
also equal; provided, however, that the triangles be either both acute angled 
triangles, both obtuse angled triangles, or both right angled triangles. 


In figs. 93 and 94. _ 
Ка = a', b = b’ and A = A’, then the remaining side and angles are also 
equal, the triangles in this case being both acute angled. 





Fics. 93 and 94.—Propositions 3 and 4, relating to triangles. 


A, If the three sides of one triangle be equal to the three sides of another 
triangle, then the angles in the two triangles are also equal. 


In figs. 93 and 94. 


Ifa = a,b = b’ and c = c’, then the angles between the respective sides 
are also equal. 
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5. If the three sides of one triangle be proportional to corresponding sides 
in another triangle, then the triangles are called similar, and the angles in the 
one are equal to the angles in the other. 

In figs. 95 and 96 

If a:b:c =a’: b’: c’ ‘then A = A’, B = B’andC =C’. 

6. If the angles tn one triangle be equal to the angles of another triangle, then 
the triangles are similar and their corresponding sides are proportional. 

In figs. 95 arid 96 
ПА = A’,B =B’,andC 2 C'then a:b:c — a' 2b! sc’. 





A 


^a ља 





Fia. 97.—Proposition 7, relating to triangles. 
* Ро. 98.—Ргоровйїот 8, relating to triangles. 


7. If the three sides of a triangle be equal, that is, if the triangle be equilater- 
al, then the three angles are also equal as in fig. 97. 


Each of the three equal angles in the.equilateral triangle , fig. 97, is 60 
| degrees. [f the three angles m a triangle be equal, then the three sides are 
also equal. 
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8. A line which in en equilateral triangle bisects or divides any of the angles 
into two equal parts, will bisect, also the side opposite the angle and be at.right 
angles to it as shown in fig. 98 

If line AD, divides angle CAB, into two equal parts, it also divides liné 
CB, into two equal parts and is at right angles to it. 

9. If two sides in a triangle be equal—that 25, if the triangle be.an isosceles 
triangle, then the angles opposite these sides are also equal. 

In fig. 99, if side b, equal side c, ‘then angle B, equals angle С. 

10. If two angles in a triangle be equal, then the sides opposite these angles 
are also equal. 

In fig. 99, if angles B and C, be equal then side b equals side c. 








C D B 


Fig. 100.—Proposition 11, relating to triangles 
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11, In an isosceles triangle, if a straight line be drawn from the point where 
the two equal sides meet, so that it bisects the third side or base of the triangle, 


then-it also bisects the angle between the equal sides and is perpendicular to 
. thebase. 


In fig. 100 
If = ¢ and AD bisects CB, then angle CAD = DAB. 


12, In every triangle, that angle ts greater which is opposite a longer side. 
In every triangle, that side is greater which is opposite a greater angle, 





Fao 101.—Proposition 12, relating to triangles. 





е 
Fro. 102.-—Proposition 13, relating to triangles, 


In fig. 101 


If side c, be greater than side b, then Erde C, is greater than angle B; 
also, if angle C, be greater than angle B, then side c, is greater than side b, 


13. In every triangle, the sum of the lengths of two sides is always greater 
than the length of the third. 


In fig. 102 
Side a + side c is greater than side b. 
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14. If one side of a triangle be produced, then the exterior angle is equal to 
the sum of the two opposite interior angles. 


In fig. 103 


Angle D = angle A + angle C. In the case of an equilateral triangle, 
angle D = 60° + 60° = 120°. 





Vio. 103.—Proposition 14, relating to triangles. 








DIAGONAL: 
ALTITUDE 


BASE 


Fro. 104.—Quadrilateral illustrating legs, bases, etc. The parallel sides are the bases; the 
distance between the bases, the altitude; a line joining two opposite vertices, a diagonal. 
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Propositions Relating to Quadrilaterals 


1. In any figure having four sides, the sum of the interior angles equals 360 


degrees. 
In fig. 105 


L+A+R+F = 360° 





Fia. 105.— Proposition 1, relating to quadrilaterals, 


о 
$ 





Е 195. 106 апа 107 —\ виа! proof that the sum of the angles of a quadrilateral is equal to 
Draw a diagonal which will divide the figure into two triangles 


four right angles or 360° 
giving the angles L,A,F and L’,A’,F’. Fold over the angles of each triangle as directed in 
figs. 89 and 90, thus obtaining angles L,A,F,=180° and angles L’,A’,F’,=180°, a total 


of four right’ angles or 360°, as in fig. 107. 





Fia. 108.—Proposition 2, relating to quadrilaterals 


Fio. 109.—Proposition 3, relating to quadriláterals. 
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2. The sides which are opposite each other in a parallelogram are equal. 
In fig. 108 

а = јапіт = 1. © 
3. The angles which are opposite each other in a parallelogram are equal. 
In fig. 109 

A-FandL - R. 
4. The diagonal divides a parallelogram into two equal parts. 
In fig. 110 


triangle M = triangle S 
5. If two diagonals be drawn in a parallelogram, tkey bisect each other. 
In fig. 111 


HO = OD and KO = OP 


K D 





Fre. 110,—Proposition 4, relating to quadrilaterals. 


Fic. 111.—Proposition 5, relating to quadrilaterals. 


Propositions Relating to Polygons 


1. By drawing all the diagonals possible from one vertex of a polygon, the 
number of triangles thus obtained is always two less than the number of sides. 


In fig. 112, there are 
6 — 2 = 4 triangles, L,A,R and F. 


2. The sum of the angles of a polygon is equal to 180° multiplied by the пит- 
ber of sides minus two. 


In fig. 112 
Sum of angles = 180° (6 — 2) = 720° or 8 right angles 
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Propositions Reiating to Regular Polygons 
1. The angles at the center of a regular polygon are equal. 


In fig. 113 
1, =гА = К = Е = 6. 


2. Straight lines from the center to all the vertices of a regular polygon divide 
the polygon into as many equal isosceles triangles as there are sides. 


In fig. 113, the five lines, 01, 02, 03, 04 and 05 divide the polygon into 
5 triangles, . 





Vio. 112.—Propositions 1 and 2, relating to polygons. 


Fia. 113.—Propositions 1, 2 and 3, relating to regular polygons 


3. Straight lines from the center to all the vertices of a regular polygon and 
perpendicular to the sides divide the bolygon into twice às many right triangles 
as there are sides of the polygon. 


'In fig. 113, the lines 01, 02, 03, 04 and 05 and perpendiculars 06, 07, 
08, 09 and 010 divide the polygon into 5 X 2 - 10 right triangles. 
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Propositions Relating to the Circle 


1. An angle inscribed in a semi-circle.is a right angle, As in fig, 114. 
2. The perpendicular to a radius at its egtremity is a tangent to thé circle. 
As in fig. 115. 


TANGENT 
RADIUS LOI : 
902 
DIAMETER 


Fia. 114.—Proposition 1, relating to circles. 
Fia. 115.—Proposition 2, relating to circles. 
3. A radius perpendicular to a chord bisects the chord, As in fig. 116. 


4. Two tangents from an exterior point make equal angles with the straight 
line which joins the exterior point to the center of the circle. Asin fig. 117. 





Fia. 116.—Proposition 3, relating to circles. 
Fia. 117.—Proposition 4, relating to circles. 


POINT OF TANGENCY 


Pros. 118 and 119.—Proposition &, relating to circles. 
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5. If two circles be tangent'to each other then the straight line which passes 
through the centers of the two circles must also pass through the point of tan- 
gency. As in figs. 118 and 119. 

6. The angle between a tangent and a chord drawn from the point of tangency 
equals one half the angle at the center subtended by the chord. Я 


In fig. 120 
Angle L = 16 angle F. 


< f 


Fra. 120,— Proposition 6, relating io circles. 
Fie. 121.—Proposition 7, relating to circles. 


V. The angle between a tangent and a chord drawn from the point of tangency 
equals the angle at the periphery subtended by the chord. 
In fig. 121 
Angle L = angle F. 


8. If an angle at the circumference of a circle, between two chords, be sub- 
tended by ihe same arc as the angle at the center between two radii, then the 
angle at the circumference is equal to one half of the angle at the center. 


In fig. 122 
І = МЕ. 





Fie. 122.—Proposition 8, relating to circles, 
Vio. 123.—Proposition 9, velating to circles. 
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9. Ali angles having their vertices at the periphery of a circle and subtended 
by the same chord are equal. 


In fig. 123 
L-A-2R-F. 


10. An angle subtended bv a chord in a circular avc larger than one 
half the circle ts an acute angle—an angle less than 90 degrees. 


In fig. 124 
Angle L is less than 90°. 


Ела. 124.—Proposition 10, relating to circles. 
Fic. 125.—Proposition 11, reiating to circles.. 


А 


Fic. 126.—Proposition 12, relating to circles. 
Fic. 127.—Proposition 13, relating to cercles. 
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11. An angle subtended by a chord 1n a vírcular segment less than one half 
the circle is an obtuse angle, that is, an angle greater than 90 degrees. 


In fig.125 
Angle F is greater than 90°. 


12. The length of circular arcs of the same circle are proportional to the cor- 
responding angles at the center, 


In fig. 126 
LiF sl:f. 


cUMFER 
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Fics. 128 and 129.— Proposition 14, rélaling 16 circles. 
13. The length of circular arcs having the same center angle are proportional 
to the length of the radii. 


In fig. 127 
L:F=R:R’ 


14. The circumferences of two circles are proportional to their radii. 
In figs. 128 and 129 
L:F=R:R’, 
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Propositions Relating to Ellipses 


1. The foci are at equal distances from the extremities of the major axis, and 
are also equidistant from the center of the ellipse. 


In fig. 130 
ML = FS and OL = OF. Е 


2. The positions of the foci depend upon the ratio of the axes. 


In fig. 130 
ML:LO = HO: MO. 
3. The major and minor axes of an ellipse divide the figure into four similat 
paris. 
In fig. 130 


MOH =HOS =MOD=DOS 





Fic. 130.—Propositions 1 to 5, relating to ellipses. 
Fic. 131.—Proposition 6, relating to ellípses. 
4. The sum of the lengths of lines from the foci to any point on the curve 
is a constant. 


In fig. 130 
LG + FG = constant. 
5; The sum of the lengths of the lines joining the foci to any point on the 
curve equal length of major axis. 
In fig. 130 
LG + GF = MS. 
LH + HF = MS. 
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6. A normal to the curve at any point bisects the angle formed by lines 
from the foci to that point. 


In fig. 131, 


Normal NR bisects angle 6 formed by lines LG and FG, from foci E 
and F, to point Ga 


TEST QUESTIONS 


t 


1. Give visual proof that the sum of the three angles of a 
triangle is equal to two right angles or 180°. 


2. State a few propositions relating to triangles. 
3. Draw a quadrilateral showing various parts. 


-4. Give visual proof that the sum of the angles of a 
quadrilateral is equal to four right angles or 360°. 


5. State a few propositions relating to regular polygons. 


6. How does a radius, perpendicular to a chord, cut the 


chord? 


7. How do the angles compare which have their vertices 
at the periphery of a circle and are subtended by 
the same chord? 


8. State some propositions relating to circles. 
9. How are the foci of an ellipse located? 
10. How do the major and minor-axes of an ellipse divide 
tha figure? 
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CHAPTER 4 


Geometrical Problems 


Geometrical Problems.—The following problems illustrating 
how various geometrical figures are constructed, are to be 
solved by the use of pencil, dividers, compasses, and scale. 

Many of these problems are such as are encountered in sheet 
metal work in laying out patterns. Proficiency in the solution 
of these problems will be of value to draughtsmen. 


Problem 1.—To bísect or divide into two equal parts a straight line o? drc 
of a circle. 


In fig. 132, from the ends AB, as centers, describe arcs cutting each 
other at C and D, and draw CD, which cuts the line at E, or the arc at F. 


D 





Fic. 132.—Problems 1 and 2. To bisecb a straight line or arc of a circle and to етей a per. 
pendicular to the line which is a radtal line to the arc. 


Eic, 133.—-Problem 3 To erect a perpendicular to a straight line, from a given point in thot 
line,” 





о —-—=— 
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Problem 2.—To draw a perpendicular to a straight line, or a radial line 
to an атс. 

In fig. 132 the line CD is perpendicular to AB, moreover, the line CD, 
is radial to the arc AFB. 


Problem 3.—To erect a perpendicular to a straight line, from a given point 
tn that line. 


In fig. 133 with any radius from any given point A, in the line BC, 
describe arcs cutting the line at B and C. Next, with a longer radius de- 
scribe arcs with B and C, as centers, intersecting at D, and draw the 
perpendicular DA. 2 





Fic. 134.—Problem 3. Second method, 


Fic. 135.—Problem 3. Third method (boat builder's laying down method). 


Second methad. In fig. 134. from any center F, above BC describe a 
circle passing through the given point A, and cutting the given line at D; 
draw DF, and produce it to cut the circle at E; now draw the perpendicular 
АЕ. 


Third method (boat builders’ laying down method)—In fig. 135 let MS 
be the given line and A, the given point. From A, measure off a distance 
AB, say 4 ft. With centers A and B, and radii of 3 and 5 ft. respectively, 
describe arcs F and L, intersecting at C. Draw a line through A and C. 
which will be the perpendicular requiret. 


Fourth method.— In fig. 136, from A, describe an arc EC, and from E. 
with the same radius, the arc AC. cutting the other at C; through C, draw 
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a line ECD, and set off CD, equal to CE, and through D, draw the perpen- 
dicular AD. 


Problem 4.—To erect a perpendicular to a straight line from any point 
without the line. 


In fig. 137, from the point A, with a sufficient radius, cut the given line 
at F and G; and from these points describe arcs cutting at E. Place 
triangle on points A and E, and from A, draw perpendicular to line GF 


Second method .— In fig. 138, from any two points, B,C, at some distance 
apart, on the given line, and with the radii BA, CA, respectively, describe 
arcs cutting at A and D. Place triangle on points A and D, and draw the 
perpendicular AD. 


v. 





; E A 
Fic. 136.—Problem 3. Fourth method. 
Fic. 137,—Problem 4, Ta erect a perpendicular to a straight line, from any point without the 


line. If there be no room below the line, the intersection may be taken above the line, that 
ig to say, between the line and the given point, 


ХА 


~ 


о 
о 








> 
o 





Fic. 138.—Problem 4. Secorid method. 
* Fic. 139.—Problem 5. Through a given point to draw a line parallel with a given line. 
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Problem 5.-Through a given point to draw aline parallel with a given line, 


In fig. 139, with-C, as center describe an arc-tangent to the given line 
AB; the radius will then equal distance from given point to the given line. 
Take a point B, on line remote from C, and with same radius, describe an 
arc. Draw a line through C, tangent to this arc and it will be parallel to 
the given line AB. 

Second method— In ng. 140, from A, the given point, describe the arc 
FD, cutting the given line. at' F; from F, with the same radius, describe 
ihe arc EA, and set off FD, equal to EA. Draw the parallel through the 


points AD. 


A # 





~h 


/ 
i 
, 





E Е 


Fic. 140.—Problem 5. Second method. 





Fic. 141.—Problem 6. To dicide a line into a number of equal parts. 


Problem 6.—To divide a line into a number of equal parts. 
141 assuming line AB, is to be divided into say 5 parts, draw a , 


In fig. 
diagonal line AC, and space off 5 unit lengths. Join B5, and through the ' 
points 1,2,3,4, draw lines 12, 2a, etc., parallel to B5, then will AB, be divided i 


into five equal parts, Al, la, ar, rf, and fB. 
Problem 7.—Upon a straight line to draw an angle equal to a given angle. 
In figs. 143 and 144 let A, be the given angle and FG, the line. 
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With any radius from the points A and F, describe arcs DE and IH, cut- 
ting the sides of the angle A, and the line FG. 


Set off the arc IH, equal to DE, and draw FH. The angle F, is equal to 
angle A, as required. 


Problem 8.—To bisect an angle 


In fig. 145, let ACB, be the angle; with center C, describe an arc 


MARK INCh 
DIVISIONS 





Fic. 142. —To divide a given line into any number of equal parts without dividers. Let 
M S, be the line and say it is to be divided into seven equal parts. Erect perpendiculars 
M X and S Y. Lay the O, mark of the scale on the line M X, and place scale at such angle 
that coincides with line S Y. Draw a light line L F, and mark the inch divisions as shown, 
With a triangle and T square draw lines from the points on L F, to MS, cutting M $, at 1,2, 
3, etc., which divide M S, into seven equal parts. 





NH 





A 


4 

i 

D B F 
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G 
Upon a straight line to draw an angle equal ta a given оле 
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cutting the sides at A and B. On A and B, as centers describe arcs cut- 
ting at D. A line through C and D will divide the angle into two equal 
parts. 


Problem 9.—To find the center of a circle 


5 


C 





M 


Fic. 145.—Problem 8. To bisect an angle. 
Fic. 146.—Problem 9. To find the center of a circle. 


A Q 





Fic. 147.—Problem 9. Second method. 


Fic. 147.— Problem 10. To describe a circle passing through three given points. 


Fic. 148.—Problem 11. Through two given points to describe an атс о] в circle with a giten 
radius. 
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In fig. 146, draw any chord as MS. With M and S, as centers and any 
radius, describe arcs L,F, and L’,F’, and a line through their intersection. 
giving a diameter AB. Applying same construction with centers A and B, 
describe arcs ef, and e’ f’. A line drawn through the intersections of these 
arcs will cut AB, at O, the center of the circle. 


Problem 9.—Second method. To find the center of a circle. 


In fig. 147, select three points. A,B,C, in the circumference, well apart: 
with the same radius describe arcs from these three points cutting each 
other, and draw two lines DE, FG through their intersections. The 
point O, where they cut is the center of the circle or arc. 


Problem 10.—To describe a circle passing through three given points. 


In’ fig. 147, let A,B,C, be the given points and proceed as in last problem 
to find the center O, from which the circle may be described. This problem 


^ E 


D 


Fic. 149.—Problem 12. To draw a tangent to а стае from a given point in the circumference. 


is useful in such work as laying out objects of large diameter as an arch, 
when the span and rise are given. 


Problem 11.—Through two given points to describe an arc of a circle with 
a given radius. 


In:fig. 148, take the given points A and B, as centers, and, with the 
given radius, describe arcs cutting at C; from C, with the same radius, 
describe the required arc AB. 


Problem 12.—To draw a tangent to a circle from a given point in the ctr. 
cumference . у 


In fig. 149 from point A set off equal segments AB, AD; join BD, and 
draw AE, parallelwith it, for the tangent. 
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Problem 13.—On a given straight line A5, to construct any regular polygon 
say a pentagon, 


In fig. 150 produce the given side A5, say to the left. With center A, and 
radius A5, describe a semi-circle. Divide the semi-circle into as many equal 
parts as the polygon is to have sides; in this case 5 equal parts, by trial with 


С 





Рю. 150:—РгоЬет 13. Оз a given straight line, to construct a regular polygon. 


compasses. From A, draw A2, which gives another side of the polygon; 
and no matter how many sides the polygon is to have, always draw from 
A, to the second division on the semi-circle. Bisect the sides 2 A, A 5, by 
lines 6 7, and 8 7, intersecting at point 7, which is the center of the polygon. 
With center 7, and radius 7 A, describe the circle. Mark off, on the circum- 
ference, the divisions 2C, CD, equal to A5. Joint 2C, CD, D5. Then 
A2CD5, is the required regular polygon. 
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Problem 14.~To ascertain approximately, the length of the circumference 
of a given circle, 


In fig. 151, draw 2 diameter AB. Find center C. Draw AD, perpendicular 
to AB, and 3 times the length of the radius. Draw BE, perpendicular to AB. 
With 30° triangle, draw angle BCH = 30°. Mark joint J, on BE. Join 
JD. Then line J D, is (approximately) equal to half the circumference; and , 
twice J D = the whole circumference. This method is sufficiently accurate 





1 
100,000 
D 


for all practical work, because the result is wrong only by about a 





on 
ғ/ 


бе 1L Problem 14. To ascertain approximately, the length of the circumference of a given 

17CÍe. 
part. This problem helps to ascertain approximately, the length of certain 
portions of the circumference. Thus 14 of JD = 16 of the circumference. 
Archimedes demonstrated that the diameter is to the circumference, 
within a minute fraction, as 7 is to 22, or 1 to 3!/;. Thus, for all practical! 
purposes, it may be assumed that if the diameter = 1 in., the circumference 
= 31/, ins. To describe’a circle having a circumference equal to the cir- 
cumferences of any number of given equal or unequal circles: Draw a line 
equal to the sum of the diameters of the given circles. This line is the dia- 
meter of the required circle. 
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Problem 15.—To find the center of a given circle, or aroof a circle. 


In fig. 152, draw any two chords, 12 and 23. Bisect these chords by 
perpendiculars 45, and 67, intersecting at A. Point A, is the center of the 
circle or arc. The chords are not obliged to meet at 2. They may be drawn 
anywhere in the circle or arc, but it is better, when possible, to let them be 
at about right angles to each other. The chords may intersect. They should 
not be made too short. 





Fic. 152.—Problem 15. To find the center of a given circle, or arc of a circle, 





Fic. 153.—Problem 16. To draw a tangent to a given circle from any given point.) 
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Problem 16.—To draw a tangent to a given circle from any given point с, 
outside the circle. 


In fig. 153, 1 is the center of the given circle. Join points C1.Bisect Cl, 
at 2: and with center 2, and radius 2 C, or 21, describe a semi-circle, cutting 
the circleat D. Point D, is the point of contact. Through D, draw CD, 
which is the required tangent. 


CD, is tangent because a line through the point of contact D, and center 
1, of the circle makes a right angle with CD. Why? 





Fic. 154.—Problem 17. To draw an interior tangent to two unequal circles. 


Problem 17.—To draw an interior tangent to two unequal circles M and O. 


In fig. 154, join centers M and О. " Bisect MO, at T, and describe a 
semi-circlé on MO. From P, on the larger circle, mark off PQ = OR, the 
radius of the smaller circle. With center M, and radius MQ, describe arc 
QS, cutting the semi-circle at V. Join MV, and mark point W. Draw OX. 
parallel withMV Through the points of contact W and X, draw the intere 
ior tangent WX. 
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Problem 18.—To draw tangents to a circle from points without. 


In fig. 155, from A, and with the radius AC, describe an arc BCD, and 
from C, with a radius equal to the diameter of the circle, cut the arc at BD; 
join BC, CD, cutting the circle at EF, and draw the tangents, AF, AE. 


Problem 19.—Between two inclined lines to describe a series of circles tan- - 
gent to these lines and tangent to each other. 


In fig. 156, bisect the inclination of the given lines AB, CD, by the line 
NO. From a point P, in this line, draw the perpendicular PB, to the line 
AB, and about P, describe the circle BD, touching the lines and cutting the 
center lineat E. From E, draw EF, perpendicular to the center line, cutting 


с F 
Pamaen E 


Fics 157 and 158.—Problem 20. To construct a triangle having a given Base and equivalent 
to any rectilineal figure 





AB, at F, and about F, describe an arc EG, cutting AB, at G.Draw GH par 
allel with BP, giving H, the center of the next circle. to be described with 
the radius HE, and so on for the next circle IN. 


Problem 20.—To construct a triangle, having a given base A B, and equiva- 
lent to any rectilineal figure, say equal in area to the triangle CDE. 


In figs. 157 and 158, produce one side CD, to F, making CF, equal to 
thegiven base AB. Join FE. Draw DG, parallel to FE. Join FG. Then 
CFG, is the required triangle. 


Problem 21.—To construct a rectangle, when each of the diagonals is equal 
to AB, and each of one pair of opposite sides is equal to C D. 


In figs. 159 and 160, bisect AB at 1, and with center 1, and radius 1A, 
describe a circle. With centers A and B, and radius CD, obtain points 2 
and 3. Join A2, 2B, B3, 3A. Then A2B3 is the required rectangle. If 





140 Geometrical Problems 


the longer side A2 be given, instead of the shorter side, then describe arcs 
at 2 and 3, with the longer side as radius. 
Problem 22.—T^o construct a square, whose diagonal is given 


In fig. 161 Bisect R S, by a perpendicular 2 3.Cut off 14, and 15, equal to 


lR.or 1S. Join R5, 5S, S4, 4R. Then R5S4 is the square required, having 
‘a given diagonal RS, 


Problem 23.—To construct a square equal in area ia any number of given 
squares. 


2 


3 


€r¢s. 159 and 160.—Problem 21. To construct a rectangle when each diagonal ts equot ® 
a given line and each of one pair of opposite sides is equal to another given line 


А 
~ 


Fic. 161.—Problem 22. To construe 
a square with given diagonal. 


<> 


Geometrical Problems 143 


In figs. 162 and 163: 


Let A, B, C be the side of the three given squares. Make D-G = A 
and DH =B. JoinGH. Then the square upon G H equals the squares 
upon A and B. Make DK = GHandDL.=C, Join K L. Then the 
square K L N M, equals the three squares upon A, B and C. 


M 





A 
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Fics. 162 and 163.—Problem 23. To construct a square equal in area to any number of given 
Squares, 


K 


ААВ 


а сн D 


Fic. 164.—Problem 24. To construct a square equal in area to any parallelogram. 


Problem 24.—To construct a square, equal in area to any parallelogram, 
Thus, construct a square equivalent to the rhomboid C D B A. 


In fig. 164, make the rectangle C D F E, equai to C D B A, by producing 
E F, and erecting perpendiculars C E, D F. Produce D C. Make 
CG, =CE. BisectG D, at H. With center H, and radius H G, describe 
a semicircle. Produce C E, to K. Then C K, is the mean proportional 
if G C, C D, and a square constructed with C K as a side is equal in 
area to the rhomboid CDBA. - 
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Problem 25.—Describe a catenary having given the span and versed sine. 


In fig. 165, divide half span, as AB, into any required number of equal 
parts, as 1, 2, 3 and let fall BC and AO, each equal to versed sine of curve; 


A 1 2 3 B 





75 


~ 
Fic. 166.—Problem 26. To construct a circle equal in area to a given square. 


Pores - - — rege 
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divide AO into like number of parts, 1’, 2’, 3’, as AB. Connect C'1, C2 
and C3’ and points of intersection of perpendiculars let fall from AB will 
give points through which curve is to be drawn. 


The catenary is the curve assumed by a perfectly fiexible cord when its 
ends are fastened at two points, the weight of a.unit length being constant. 


С, 3 
Nes Wr 
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Fic. 167,..—Problem 27, To construct an equilateral triangle on a given base. 


Problem 26.—To construct, a circle equal in area to a given square. 


In fig. 166, let LF be side of the given square. Through L, draw 
proportional line L S, and with any convenient scale divide if into 12 equal 
parts. At the point f, or 10th division, draw line f F, and at a point /, 
between !1 and 12 draw M parallel withfF. LM is the diameter of the 
required circle. Bisect this diameter at O and with radius OL describe 
the required circle. 











144 Geometrical Problems 


Problem 27.—To construct an equilateral triangle on a given base. 


In fig 167, wich A, and B, as centers and radius equal to AB, describe 
arcs / and j. At their intersection C, draw lines CA, and CB, sides of the 
required triangle. 


Problem 28.—To construct a square on a given base, 


In fig. 168, with end points A and B, of base as centers and radius 
equal to AB, describe arcs cutting at C; with C as center, describe arcs 


X 
EA 







Figs. ee to 171.—Problem 30, То construct a parallelogram having given the sides and on 
ang 


Fic. 172 ‘Problem 31, To describe a circle about a triangle. 


A 
CIRCUMSCRIBED 
C CIRCLE 





INSCRIBED 
CIRCLE 


Fics. 173 and 174.—Problem 32. To círcumscribe about, (fig. 173) and. inscribe (fig. 174) a 
circle în a square 
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cutting the others at DE; and with D and E, cut these at FG. Draw AF, 
and BG, and join the intersections HI, then ABIH is the required square, 
Problem 29.—To construct a rectangle on a given base. 


In fig. 168, let AB, be given base. Erect perpendiculars at A and B, 
equal to altitude of the rectangle, and join their ends H and I, by line HI, 
ABIH, is the rectangle required. 

Problem 30.—To construct a parallelogram having given the sides and an 
angle. 


A B 


ИЯ 
N. 
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Fic. 175.--Problem 33. To cireumscribe a square about a circle. Second 


In figs. 169 to 171, draw side DE, equal to the given length A, and 
set off the other side DF, equal to the other length B, forming the given 
angle IGH. From E, with DF, as radius, describe an arc, and from F, with 
the radius DE, cut the arc at C. Draw FC, EC. Or, the remaining sides 
may be drawn as parallels to DE, DF 

Problem 31.—To describe a circle about a triangle. 


In fig. 172. bisect two sides AB, AC, of the triangle at E and F, and 


С 


meihod 
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from these ‘points draw perpendiculars intersecting at K. From the center 
K, with the radius KA, describe the circle ABC. Í ; 
Problem 32.—To circumscribe about and inscribe a circle in a square. 
In fig. 173, draw the diagonals AB and CD, intersecting at E. With 





Fic. 177.—Problem 36. To inscribe any regular polygon in a given circle, 
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radius EA, circumscribe the circle. To inscribe a circle let fall from the 
center (as júst found) a perpendicular to onè side of the square as OM, im 
fig. 174, With radius OM, inscribe the circle. 

Problem 33.—To circumscribe a square about a circle, 

In fig. 175, draw diameters MS and LF, at right angles to each other. 
Atthe points M, L, S, F, where these diameters cut the circle, draw tangents 
that is, lines perpendicular to the diameter, thus obtaining the sides of the 
circumscribed square ABCD. 





Fic. .178.—Problem 36. To inscribe a pentagon in a. circle. 


Problem 34.—To inscribe a circle in a triangle. ү 

In fig. 176, bisect two of the angles A and C, of the triangle by lines 
cutting at D; from D, draw a perpendicular DE, to any side, and with DE, 
as radius, describe a circle. 

Problem 35.—To inscribe any regular polygon in a given circle. 

In fig. 177, draw a diameter D 5. Divide D 5, into as many equal parts 
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as the polygon is to have sides, in this case, five equal parts. With points 
D and 5, as centers, and the diameter D 5, as radius, describe arcs inter- 
secting at 6. From 6, draw a line through Point 2 to E. Join D E, which 
is one side, of the required polygon. Make E F, F G, G H, each equal 
DE. JonEF,FG,GH,HD. Then DEFGH, is the required polygon. 

This method is only approximately correct. It is however, sufficiently 
‘accurate for all practical work. On the same principle, an arc can (approx- 
imately) be divided into any number of equal parts, or a circle into equal 
sectors. By this method, a regular polygon having any number of sides 





Fic. 179.—Problem 37, To construct a hexagon upon a given straight line. 


can be inscribed, (approximately) within a given circle. If a nonagon is 
to be inscribed, divide the diameter into nine equal parts, and then pro- 
ceed as above. To get the first side of the polygon, always draw a line 
from point 6; through the 2nd division on the diameter, no matter how 
many sides the polygon is to have. In a polygon, that has an even number 
of sides, a line drawn from one angle to the opposite angle (a diagonal) 
passes through the center. When there is an odd number of sides, a line 
from an angle through the center, bisects the opposite side. Note these 
facts as tests for accuracy in the work. 
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Problem 36.—To inscribe a pentagon in a circle. 


In fig. 178, draw two diameters, AC, BD, at right angles intersecting 
at O; bisect AO, at E, and from E, with radius EB, cut AC, at F, and 
from B, with radius BF, cut the circumference at G,H, and with the same 
radius step round the circle to I and K; join the points so found to form 
the pentagon. 


Problem 37.—To construct a hexagon upon a given straight line. 


In fig. 179, from A and B, the ends of the given line describe arcs 
intersecting at g; from g; with the radius gA, describe a circle. With the 
same radius set off the arcs AG, GF and BD, DE. Join the points so found 
to form the hexagon. 
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Fic. 180.—Problem 38. To inscribe a hexagon in a circle. 


Fic. 181.—Problem 39. To construct an octagon on a gtven straight line. 


Problem 38.—To inscribe a hexagon in a circle. 


In fig. 180, draw a diameter ACB; from A and B, as centers with the 
radius of the circle AC, cut the circumference at D,.E, F, G, and draw AD, 
DE, etc., to form the hexagon. 


The points DE, etc., may be found by stepping the radius (with the 
dividers) six times round the circle. 
Problem 39.—To construct an octagon on a given straight line. 
In fig. 181, produce the given line AB, both ways, and draw perpendicu- 


lars AE, BF; bisect the external angles A and B, by the lines AH, BC, 
which make equal to ABJDraw CD and HG parallel with AE and equal to 


SS —2— 


150 Geometrical Problems 





AB; from centers G, D, with the radius AB, cut the perpendiculars at EF, 
and draw EF, to complete the octagon. 


Problem 40.—To inscribe an octagon in a square. 


In fig. 182 draw the diagonals of the square intersecting at e; from the 





Fic. 182.—Problem 40. To inscribe an octagon in a square. 
Fic. 183.—Problem 44. To inscribe an octagon in a circle. 


D 





Fic. 184.—Problem 42. To circumscribe.an octagon about a circle. 
Fic. 185.—Problem 43. To describe an ellipse when the two axes ave giver. 


corners A,B,C,D, with Ae, as radjus, describe arcs cutting the sides at 
£. h, etc.; and join the points so found to complete the octagon. 
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Problem 41.—To inscribe an octagon in a circle 

In fig. 183, draw two diameters AC, BD, at right angles; bisect the 
arcs AB, BC, etc., at e, f, etc., and join the points of division to form the 
octagon. 

Problem 42.—To circumscribe an octagon about a circle. 

In fig. 184 , circumscribe a square EFGH, about the given circle Draw 





Fic, 186.—Problem 43. Second method. 


diagonals HF and EG, and tangents h т, etc., through points where the 
diagonals cut the circle to form with the intercepts, the octagon. 


Problem 43.—To describe an ellipse when the two axes are given 


In fig. 185, draw the major and minor axes AB and CD, at right angles, 
intersecting at E. On the center C, with AE, as radius, cut the axis AB, at 
F and G, the feci; insert pins through the axis at F and G, and loop a 
thread or cord upon them equal in length to the axis AB, so that when 
stretched it reaches the extremity C, of the minor axis, as shown in 
dotted lines. Place a pencil inside the cord, as at H, and guiding the 
pencil in this way, keeping the cord equally in tension, carry the pencil 
round the.pins FG, and so describe the ellipse. 

Second Method.— In fig. 186 along the edge of a piece of paper, mark off 
a distance ac, equal to AC, half the major axis, and from the same point, a 
distance ab, equal to CD, half the minor axis. Place the slip so as to bring 
the point 5, on the line AB, or major axis, and the point c, on the line DE, 
or minor axis. Set off the position of the point a. Shifting the slip. so that 
the point 5, travels on the major axis, and the point c, on the minor axis, 
any number of points in the curve may be found, through which the curve 
may be traced. 


152 Geometrical Problems 





Problem 44.— To construct a spiral or volute, by means of tangential arcs 
of circles, 
Construct a square 1 2 3 4, and produce the sides, fig. 44. With center 
2, and radius 2 1, describe arc 1 
A; center 3, and radius 3 A, de- 
scribearc AB; center4, and radius 
4B,describearcBC; center 1,and 
radius 1 C, describe C D; center 
H / 2, and radius 2 D, describe D E. 
2 In the same way describe any 
number of arcs, EF, FG, G H. 
The curve obtained is a spiral or 
volute. 123 4, is the eye of the 
spiral. The eye can be formed by 
any regular or irregular recti- 
lineal figure, not having a 
re-entrant angle. In every case, 
proceed as above. 


Fic. 187.—Problem 44. To construct a spiral or volute, by means of tangential arcs of circles. 





Fra. 188. —-General notes about ellipses. If from any points G, H, in the curve of an 
ellipse, lines parallel to the major axis I J, be drawn, or to the minor axis K L, be drawn, and 
the distance M N, be made equal to M H, or O P, be made equal to OG, other points, N, P, 
in, the elliptic curve are obtained. A line QC, or Q D, drawn from any point Q, in à diam- 
eter E F, and parallel to a conjugate diameter A B, is called an ordinate. M H, O P, are 
also ordinates. The whole line C D, H N, or G P, is a double ordinate. Draw any cord 
C D, parallel to A B. Bisect AB, CD, at QR. Then E F, drawn through Q R, is a con- 
jugate diametér to A B. The minor axis is called *'the conjugate axis,” because of its 
rélationship to the major axis. The major and minor axes are a рай ої conjugate diameters. 
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Problem 45.—To find the foct of:an ellipse and then to draw the elliptic 
curve by means of intersecting arcs, the major axis PQ and minor axis T V 
being given. 


In fig. 189, with T, one end of the minor axis, as center and X Q, half the 
major axis as radius, describe arcY, cutting the major axis at F’, F”. These 
points are the required foci. Between F’ and X, mark any number of points 
1,2,3,4. With centers F’, F”, and radiusPI, describe arcsa, a,a,a. With 
the same centers and radius Q 1, cut arcs a, a, a, a, at b, b, b, b. With 
each focus as center and radius P2, describe arcs, c, c, c, c, With the 
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Fic. 189.—Problem 45. To construct an ellipse having given minor and major axes. 
Fic. 189.—Problem 46. The major axis and foci of an ellipse being given to find the minor axis. 


same centers and radius Q 2, cut these arcs at d, d, d, d. In the same way 
use points 3 and 4, to get g, g, h, h. Through points b, d, g, h, draw the 
curve of the ellipse. The points 1, 2, 3, 4 may be at any distance apart, 
but it is more convenient to'let the divisions decrease in length toward F’. 
Do not make the arcs too long, as this causes confusion. 


Problem 46.—The major axis and foci of an ellipse being given to find 
the minor axis. 


In fig. 189, bisect P Q, at X. With X P, or X Q, as radius and the 
foci as centers, strike arcs cutting at T and V. Join T V. Then T V, is 
the minor axis. 
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Problem 47.—Draw the curve of an ellipse by means of intersecting lines. 
The lengths of the major and minor axes AB, and CD, being given. 


In figs. 190 and 191 bisect CD at E. Bisect AB, at X, by a perpendicular. 
Make X G, XH, each equal to E C, or E D. With centers G, H, and radius 
X A, describe arcs at K, K.K,K. With centers A, B, and radius X G, cut 
thesearcsatL, M, N,O. JoinLM, MO, ON,NL. DivideAL, AN, BM,. 
BO, AX, BX, each into the same number of equal parts, say four. Draw 
lines from G, to 1, 2, 3,0n A L, BM. From H, through 1 (on A X), draw 
a line to meet 1 G, at x. Through 2, draw a line from H, to meet 2 G, at 





K 
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Sics. 190 and 191.—Problem 47. Draw the curve of an ellipse by means of intersecting lines. 


_ a. Through 3, draw a line to meet 3G, at x. In the same way get points 

. x,x,x, on the other side. Also get similar points for the lower half of the 
ellipse, as shown by dotted lines at R and S. Through z,z,z, R, S, draw 
the curve of the ellipse. The divisions on A L, A X, may be unequal, pro- 
vided those on A X, be proportional to those on A L. A French curve may 
be used for drawing the elliptic curve, through the points x,x,x. By this 
method, an ellipse may be inscribed in any rectangle. By joining A G, 
GB, BH, HA, arhombus is obtained. Therefore an ellipse can be circum- 
scribed about a rhombus, or a rhombus can be inscribed in an ellipse. 
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Problem 48.—The curve or portion of the curve of an ellipse being given, 
to find the center and the major and minor axes. 


Infig. 192, drawtwoparallel chords AB, CD. Bisect them at Eand F, 
Through E, F, draw G H, which isa diameter. Bisectit at K, which is the 
center of theellipse. With center K, and any convenient radius, describe the 
arcL M N. With centers L and M, and any radius, describe arcs cutting at 
О From O, through K, draw P Q, which is the major axis. With centers M 
and N; andany radius, describearcs cuttingat R. From R, through K, draw 
TS, which is the minor axis. Instead ofdescribing arcsat Oand R, LM, M 
N, may be joined and the axes through K, parallel with LM,MN, drawn. 





Ri 
Fic. 192.—Problem 48. The curve or portion of the curse of an ellipse being given, to find the 
center and the major and minor axes. 

For convenience, the given ellipse may be drawn with a piece of thread as 
shown in fig 185, If a small portion of the curve be given, the chords 
A B, C D, must be drawn closer together, If only one end of G H, meet 
the curve, draw another pair of parallel chords, and get another diameter, 
then the intersection of the two diameters gives the center. The portion 
of the curve given should contain at least one end of each axis. 


NOTE.—To draw an ellipse when the foci and one point in the curve are given. Draw z 
fine of indefinite length through the foci. Draw a line from each focus to the given point. The 
sum of these two lines gives the length of the major axis. With half the major axis as radius, 
and the foci as centers, describe arcs intersecting at points, which give the encs of the minot 
axis. Obtain the curve of the ellipse. 
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Problem 49.~-At any point A, in the curve of an ellipse, to draw a normal; 
end through any point B in the curve to draw a tangent. 


In fig. 193, draw the ellipse with a piece of thread. From each focus, 
draw a line through ‘A; to D, and C. Bisect angle D A C, by AE. The 
line A E, is the required normal (or perpendicular). From the foci draw 
lines to B. Produce one of the lines, say to G. Bisect the angle G B F”, by 
HK. Then the line H K is the required tangent. The normal may also 
be obtained by bisecting the angle F’ A F”. To draw a normal at either 





Ao. 198.—Problem 49. At any point in the curve of an ellipse to draw a normal, ond through 
any point in the curve to draw a tangent. 


extremity of the major or minor axis, simply produce the axis. A tangent 
at either extremity of the major or minor axes must be drawn at right 
angles to the axis. 





NOTE.-- To draw tangential lines to an ellipse from a given point outside the curve. 
Call given point 1, and place it in any position with regard to ellipse. With 1, as center 
and the distance: to the nearer focus, as radius, describe about half of a circle cutting the ellipse 
in two places. With the further focus as center and the major axis as radius, cut the arc 
in points 2 and 3. From points 2 and 3, draw lines to the further focus. These lines cut the 
ellipse in two points. Call these points 4 and 5; they are the required points of contact. Draw 
two lines from the given point 1, through points 4 and 5; and these lines are the required tan’ 
gents. 
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Problem 50.—To get the curve of an ellipse approximately with arcs of 
circles, and by the use of a paper trammel. 


In figs. 194 to 196, lines A B, C D, are major and minor axes. Drew E 1, 
Е 2, аї апу апріе. MakeE G — X C,andE H— X A. JoinG H. With 
center E, and radii E G, E H, strike the arcs G F,H J. Draw F.L, J K, 
parallel withG HLMake D M, C N, equal to E K, and A O, B P, equal toE Г. 
With centers N and M, and radius N C, describe arcs passing through C 
and D. With centers O, P, and radius O A, describe arcs at A and B. These 
four arcs give approximately parts of the ellipse. On one edge of a straight 
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Fics. 194 to 196.—Problem 50. То get the curve of an ellipse approximately with arcs of circles 
and by the use of a paper trammel. „This method applies oniy when the minor azis іѕ тоте 
than about V of the major axis. In making a narrow ellipse M and N witl fall outside ihe ellipse. 


slip of paper Q В, set off V S, equal to A X, and V T, equal to C X. Then 
use Q P, as a trammel. Adjust the trammel Q R, in such a manner, that 


NOTE.—7o describe an ellipse, having one diameter given, similar to any given ellipse. 
In two similar ellipses, any two conjugate diameters of one ellipse have the same proportion 
to each other as the corresponding conjugate diameters of the other ellipse have to each other. 
Therefore find a fourth Proportional to the given diameter, and the two diameters ot the given 
ellipse. This fourth proportionai gives the length of the other diameter of the required ellipse. 
Place the two diameters bisecting each other, and at the required angle and describe the ellipse. 
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point t, rests somewhere on the major axis; and point s, on the minor axis. 
Wherever point v, comes, will be a point situated in the curve of the ellipse. 
Mark several points as at w, and through these points draw curves connect- 
ing the arcs. E L, is a third proportional less, and E K, is a third propor- 
tional greater, to the lines E G, E H. A French curve may be used to 
connect the arcs through the points at w. The entire curve can be drawn 
by means of points obtained with a trammel. When an ellipse has à short 
minor axis, the points M and N, fall outside the ellipse, on the minor axis 
produced. This method is exceedingly useful when representing circles in 
perspective, and also in mechanical drawing when describing ellipses. 
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. Draw a perpendicular to a straight line. 
. Give the boat builder's laying down method. 


TEST QUESTIONS 


. Divide a line into a number of equal parts. 

. Bisect an angle. 

. Find the center of a given circle. | 
. Describe a circle passing through three given points. 

. Find approximately the length of the circumference of | 


a given circle. 


. From a given point draw a tangent to a given circle. 
. Construct a square having its diagonal given. 


. Construct a square equal in area to any number of 


given squares. 


. Construct a circle equal in area to a given square. 


. How is an equilateral triangle constructed on a given 


base? 


. Erect a rectangle on a given base. 

. Describe a circle about a triangle. 

. Inscribe a circle in a triangle. 

. Inscribe any regular polygon in a given circle. 
. Inscribe a hexagon in a circle. 

. Construct an octagon on a given straight line. 


. Describe an ellipse when the two axes are given. 
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20. What is the method of constructing a spiral or volute 
by means of tangential arcs of circles? 


21. Give the method of describing an ellipse by means of 
intersecting arcs. 


22. Describe an ellipse by the method of intersecting lines. 


23. Draw a tangent to an ellipse at a given point in the 
curve of the ellipse. 


ey ay = — Se ae 
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CHAPTER 5 


Mensuration 


Mensuration is the process of measuring. 


It is that branch of mathematics that has to do with finding 
the length of lines, the area of surfaces, and the volume of solids. 
Accordingly the problems which follow will be divided into three 
groups, as: 

1. Measurement of lines. 


a. One dimension, length 


2. Measurement of surfaces (areas). 


a. Two dimensions, length and breadth 
3. Méasurement of solids (volumes). 
a. Three dimensions. length, breadth, and thickness 
1. Measurement of Lines 
(length) 


Problem 1.—To find the length of any side of a right triangle, 
the other two sides being given. 


Rule.—Lengih of hypotenuse equals square root of the sum of 
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the squares of the two legs; length of either leg equals square root of 
the difference of the square of the hypotenuse and the square of the 


other leg. 
Example.—The two legs of a right triangle measure 3 and 4 ft.; find 


length of hypotenuse. If the length of hypotenuse and one leg be 5 and 
3 ft. respectively, what is the iret of the other leg? 


In fig 197 





АВ = V¥324 
In fig.198° BC = ү52 32 = ү 





А СА 


Fics. 197 and 198:—Problem 1. To find the length of any side of a right triangle. 
Problem 2.—To find length of circumference of a circle. 


Rule.—Multiply the diameter by 3.1416. 


Example.—What length of moulding strip is os for a circular 
window 5 ft. in diameter? 
5 X 3.1416 = 15.7 ft. 
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As the mechanic does not ordinarily measure feet in tenths, the .7 should 
be reduced to inches; it corresponds to 83% ins. from the table below. That 
is, the length of moulding is 15 ft. 83% ins. (approx). 


Problem 3.—To find the length of an arc of a circle. 


Rule.—As 360° is to the number of degrees of the arc so is the 
length of the circumference to the length of the arc. 





Fic. 199 —Problem 4 To find width of board required for plate form.of circular pattern, 


Decimals of a Foot and Inches 


A 9” 10: 1, 
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Example.—1f the circumference of a circle be 6 feet, what is the length 
. of 60? arc? 


Let X = length of the arc, solving for X. 
60x 6 360 


360 :60 = 6: X — 73557 = 369 = 1 ft 


Problem 4.—To find the rise of an arc. 


Rule 1.—The rise of an arc ts equal to the square of the chord of 
half the arc divided by the diameter. 


Rule 2.— Length of chord subtending an angle at the center is 
equal to twice the radius times the sine of half the angle. 
Example.—A circular pattern 10 ft. in diam. has six plate forms. Find 


width of board required for these forms allowing 3 ins. margin for joints as 
in fig. 199. 


Each plate will subtend an angle of 360 + 6 = 60° 
The “chord of half the arc" (mentioned in rule 1) will subtend 
60 + 2 = 30°. 


Applying rule 2, “half the angle” = 30° + 2 = 15°; 


From table of “trigonometrical functions” (page 244 );sineof15° = .259, 
which with radius of 5 ft., becomes 


sin 15° (on 10-ft. circle) = 5X .259 = 1.295 
Applying rule 2 length of chord MS. — 2 x 1.295 — 2.59 


Applying rule 1 rise of arc MS, -— 2.595 -- 10 — .671 ft. or&l',gins. (approx.) 
Add to this 3 ins. margin for joints and obtain 
width of board 8/,gs4- 3 = 111/5 Ове 12 іп, Боага 


2. Measurement of Surfaces 


(areas) 


Problem 5.—To find the area of a square. 


Rule.—Mwultiply the base by the height. 
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Example.-~What is the area of a square whose side is 5 ft. asin fig. 200? 


5X5 = 25 sq. ft. 


Problem 6.—'To find the area of a rectangle. 


Rule.—Mulitply the base by the height (i. e., width by length). 


AREA 25 5Q. FT. 





Fic. 200.-——Problem 5. Area of square. 


Example.—What is the area of a rectangle 5 ft. wide and 12 ft. long, as 
in fig. 201? 


5х 12 = 60 sq. ft. 


Problem 7.—To find the area of a parallelogram. 


Rule.—Mulliply base by perpendicular height. 
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Example.—What is the area of a parallelogram 2 ft. wide and 10 ft. 
long? 


2х 10 — 20 sq. ft. 


Problem 8.—To find the area of a triangle. 


————————————— —— 1 FT. 


AREA 60 SQ. FT. 


LENGTH 





Fic. 201.—Problem 6. Area of rectangle. 
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AREA 60 5Q. FT. 
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PERPENDICULAR 
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Fic. 202.—Problem 7. Area of paraliclogram. 
Rule.—Muitiply the base by half the altitude. 


Example.—How many sq. ft. of sheet tin are required to cover a church 
steeple having four triangular sides, measuring 12 ft. (base) Х 30 ft. 
(altitude)as in fig. 203? 


¥ of altitude = 15 ft. 
area of,one side = 12 X 15°= 180 sq. ft. 
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Total area (four sides) 4 XX 180 — 720 sq. ft. 
Problem 9.—To find the area of a trapezoid. 


Rule.—Mulliply one-half ihe sum of the two parallel sides by 
the perpendicular distance between them. 


Example.—What is the area of the trapezoid shown in fig. 205? 

Here LA and FR, are the parallel sides and MS, the perpendicular dis- 
с ; с D 

AREA OF 


ONE. SIDE. 
180 SQ.FT. 









BASE B 


fics. 203 and 204.—Problem 8. Area of triangle. An inspection of fig. 204 will show 
that area of triangle = base’ x 14 altitude because constructing a parallelogram ABCD, it 
is made up of two equal triangles and its area = base X altitude. Hence 14 altitude is taken 
in finding area of a triangle. 


tance between them, Applying rule 
area = 14 (LA+ FR) X MS 
= 4 (8+ 12) xX 6 = 60 sq. ft. 


Problem 10.—To tind the area of a trapezium. 


Rule.— Draw a diagonal, dividing figure into triangles; measure 
diagonal and altitudes and find areu of the triangles. 


ле —— 
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Example.—What is the area of the trapezium shown in fig. 206 , for 
the dimensions given? Draw diagonal LR, and altitudes AM and FS, 


area triangle ALR = 12 X &/, = 36 sq. ft. 
area triangle LRF = 12X ?/; — 54 sq. ft. 


area trapezium LARF = ........ ‚..90 за. В. 
Problem 11.—To find the area of any irregular polygon. 


Rule.— Draw diagonals dividing the figure tnto triangles and 
find the sum of the areas of these triangles. 






AREA 6Q 5Q. FT. 


Pic. 205.—Problem 9. Area of trapezoid. 


Problem 12.—To find the area of any regular, PUN when 
length of side only is given. 


Rule.—Multiply the square of the sides by the figure for “area, 
when side = 1" in the table following: 
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Numberofsides| 3 












Area when side 
eee а У 


СВ = 12 ЕТ 
АМ= OFT. 
Е5= ФЕТ. 


Fic. 206.—Problem 10. Area of trapezium, 


F 


Example.—What is the area of an octagon (8-sided polygon) whose sides 
measure 4 ft, 


In the above table under 8, find 4.828. Multiply this by the square of 
one side. 


4.828 Х 4? = 77.25 за. Ц. 
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Problem 13.—To find the area of a circle. 


Rule.— Multiply square of diameter by .7854. 


&xample.—What is the area of acircle 10 ft. in diameter? 
10? X .7854 = 78.54 sq. ft. 


Figs. 207 and 208 show why the decimal .7854 is used in finding the 
агеа оЁа сие. 





Fics. 207 and 208.— Showing why the decimal .7854 is used to find the area of a circle. 
‘If the square be divided into 10,000 parts or small squares, à circle having a diameter D, 
equal to a side of the large square will coptain 7,854 small squares, hence, if the area of the 
large square be 1, sq. in., then the area of the circle will be 7854 + 10,000 or .7854 sq. ins., 
that is, area of the circle = .7854 X D X D = .7854 Х 1 X1 = .7854 sq. ins. 


Problem 14.—To find the area of a sector of a circle. 


Rule.—Multiply the arc of the sector by half the radius. 


Example.—How much tin 1s required to cover a 60° sector of a 10 foot 
circular deck? 
60 ? ў 
length of 60° arc = 360 9f 3.1416 X 10 = 5.24 ft. 
The reason for the above operation should be apparent without any 
explanation. 
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Applying rule 
tin required for 60? sector — 5.24 X Mof5 = 13.1 sq. ft. 


Problem 15.—'To find the area of a segment of a circle. 


Rule.—Find the area of the sector which has the same are and 

. also the area of the triangle formed by the radii and chord; take 

the sum of these areas if the segment be greater than 180°; take 
the difference if less. | 


Problem 16.—To find the area of a ring. 


Rule.— Take the difference between the areas of the two circles. 


Problem 17.—To find the area of an ellipse. 


Rule.— Multiply the product of the two diameters by .7854. 


Example.—What is the area of an ellipse when the minor and major 
axes are 6 and 10 ins. respectivelv? i | 
10 х 6X .7854 = 47.12 sq. ins. у 


Problem 18.—To find the circular area of a cylinder. 


Rule.— Multiply 3.1416 by the diameter. and by the height. 


Example.—-How many sq. ft. of lumber are required for the sides of a 
cylindrical tank 8 ft. in diameter and 12 ft. high; how many pieces 4” Х 12’ 
will be required? 

cylindrica: surface 3.1416 xX 8 X 12 = 302 sq. ft. 
circumference of tank = 3.1416 x 8 = 25.1 ft. 
Number 4'' X 12' pieces 25.1 + 4/12 = 251 X 3 = 75.3, say 76. 


.Problem 19.—To find the slant area of a cone. 
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Rule.— Multiply 3.1416 by diameter of base and by one-half the 
slant height. 


Exampie.—A conical spire having a base 10 ft. diameter and altitude of 
20 ft. is to be covered. Find area of surface to be covered. 


In fig. 210, first find slant height, thus 


slant height = V5?-+ 20? = V425 = 20.62 ft. 


we OTT ll 
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Fic. 209.—Problem 18. Area of супі, 
Fic. 210.~-Prablem 19. Area of cone, 
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circumference of base = 3.1416\x 10 = 31.42 ft. 
area of conical surface — 3142 X 14 of 20.62 = 324 sq. ft. 


Problem 20.—To find the (slant) area of the frustum of a cone. 


Rule.—Multiply half the slant height by the sum of the circum- 
ferences. 





Frc. 211.—Problem 20, Area of frustum of a cone. This is the shape of the ordinary wooden 
Yank seen in wind mill towers. In the figure LR = height‘of tank. Since the difference be- 
tween the two diameters is two feet, RF= 1 ft. Hence slant height or LF = ¥1?-+ 8 

= 8.06. 


Example.—A tank is 12 ft 1n diameter at the base, 10 ft at the top, and 
8 ft. high. What is the area of the slant surface? 
circumference 10 ft. circle = 3 1416 X 10 = 31 42 ft. 
circumference 12 ft circle = 3 1416 x 12 = 37.7 ft 
sum of circumferences = 69.1 ft. 
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‘slant height = V 174+ 8? = V 65 = 8.06 
slant surface = sum of circumferences x 26 slant height 
= 69.1 Х 16 of 8.06 2 278,5 sq. ft. 





Fic. 212.—Problem 21. Volume of rectangular wedge. 


3. Measurement of Solids 


(volumes) 
Problem 21.—To find the volume of a rectangular wedge. 


' Rule.— Multiply length, breadth and one half height. 


eter — — 
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Example.—Find the volume LARFMS of the bam shown in fig. 212. 
40 X20 x $ of 10 =4000 cu. ft. 


Problem 22.—To find the volume of a cylinder. 
Rule.—Find the area of the base and multiply this by the length. 


Example.—What is the volume of a cylinder whose diameter is 4 ft. 
and length 714 ft.? 
4 .7854 
16 
4 47124 
7854 
12.5664 =area of base in sq. ft. 
16 7.5=length in ft. 
628320 
879648 
Answer, 94.24800 cu. ft. 


Problem 23.—To find the volume of a cone. 


Rule.—Multiply the area of the base by 14 the altitude and the 
product will be the volume. 


Example.—What is the volume of a cone whose diameter is 12 ft. and 
altitude 10 ft.? 
Area of a circle = .7854X sq. of the diameter 
Area of base —.7854x 122 2113.1 sq. ft. 
volume —113.1X 14 of 10 2377 cu. ft. 


Problem 24.— To find the volume of a sphere. 
Rule.—Mwitiply the cube of the diameter by .5236. 


Example.—Find the volume of a sphere whose diameter is 5 ft. 


Cube of diameter Diam 3 x .5236 
5 5236 
5 _ 125 
25 26180 
5 10472 - 
125-5 5236 


65.4500 cu. ft. 
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Problem 25.—Find the volume of a segment of a sphere. 


Rule 1.—To three times the square of the radius of the seg- 
ment’s base, add the square of the height; then multipiy this sum 
by the height and the product by .5236. 


Example.—How many cu. ins. in a spherical segment, having a base 
with diameter of 60 ins. and a height of 20 ins.? 

Radius = 60 +2 =30 ins. 
Three times square of radius =3 X20 30 = 2,700 
Add the square of the height 

2,700+ (20 X 20) =3,100. 
Multiply this by the height, 3100 x 20 =62,000 
Multiply by .5236 and obtain 

62,000 x .5236 = 32,463.2 cu. ins. 


Rule 2.—F rom three times the diameter of the sphere subtract 
twice the height of the segment; multiply the remainder by the 
square of the height, and that product by .5236 for the volume. 


Example.—1f the diameter of a sphere be 3 ft. 6 ins. what is the volume 
of a segment whose height is 1 ft. 3 ins.? 


3X3.5=10.5 
2X1.25=2.5 
8 


8X1.25X1.25 X .5236 =6.55 cu. ft. 


Problem 26.—To find the volume of an irregular solid. 


Rule.—1. Divide the irregular solid into different figures; the 
sum of their solidities will be the solidity required.2.To find the 
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solidity of a piece of wood or stone that is craggy or uneven, put 
it into a tub or cistern, and pour in as much water as will just 
cover il; then take it out and find the contents of that part of the 
vessel through which the water has descended and it will be the . 
solidity required. 


Problem 27.—To find the surface and volume of any of the 
five regular solids, figs. 213 to 217. 





Fics. 213 to 217.—The five regular solids: Fig. 213, tetrahedron or solid, bounded by four 
equilateral triangles; fig. 214, hexahedron ar cube, bounded by six squares; fig. 215, octa- 
hedron, bounded-by eight equilateral triangles; fig. 216, dodecahedron, bounded by смеје 
pentagons; fig. 217, icosahedron, bounded by twenty equilateral triangles. 


Rule (surface).-—Multiply the tabular area below, by the 
square of the edge of the solid. 


Rule (volume).—Multiply the tabular contents below, by the 
cube of the given edge. 


Surfaces and Volumes of Regular Solids 


Area. Contents. 
NAME Edge = 1 Edge = 1 


.... . Тетаћедгоп ........| 1.7320 
.... . .Нехаћедгоп..... .. 


Octahedron 
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Mensuration.of Surfaces and Volumes 
(Summary) 


Area of rectangle =length x breadth. 

Area of triangle = base X 14 perpendicular height, 
Diameter of circle =radius х2. 

Circumference of circle 2 diameter x 3.1416. 

Area of circle 2square of diameter X .7854. 


area of circle xx number of degrees in arc. 
360 


Area of surface of cylinder — circumference X length J-area of two ends. 

To find diameter of circle having given area: Divide the area by .7854, 
and extract. the square root. 

To find the volume of a cylinder: Multiply the area of. the section in 
square inches by the length in inches =the volume in cubic inches. Cubic 
inches divided by 1728=volume in cubic feet. 

Surface ofa sphere =square of- diameter 3.1416. 

"Solidity of а sphere = cube of diameter X .5236. 

Side of an inscribed cube =radius of a sphere X 1.1547. 

Aréa of the base of a pyramid or cone, whether round, square or tri- 
angular, multiplied by one-third of its height =the solidity 

Diam. x .8862 -side of an equal square. 

Diam. X .7071 —side of an inscribed square. 

Radius x 6.2832 — circumference, 

Circumference 23.5449'X Y Area of circle. 

Diameter = 1.1283 x Y Area of circle 

Length of arc No. of degrees X .017453 radius. Е 

Degrees in arc whose length equals radius = =513°% 

Length of an arc of 1° =radius x .017453, 

ss “ «J Min, =radius X 0002909 
ЫП “4 1 Sec. =radius X .0000048 
 =Proportion of circumference to diameter =3.1415926. 


Area of sector of circlé = 


т? =9.8696044 
Vi 1.772A538 
Log, =0.49715 
fe =0.31831 
10360 = 2.008727 
360/3 =114.55 
Lineal feet........... Pea MOX 00019 =Miles. 
буага o rud seis ea S xX 0006" = “ 


Ѕаџаге іпсһеѕ...................... x .007 = Square feet. 


У 





Square fects а: X M =Square yards. 
i ага A S .0002067 = Acres. 
А спев se e EE ce ИН . X4040 =Square yards. 
Cubic inches Ut hes eee ee eae x .00058 =Cubic feet. 
feet И И Ри x ‚03704 =Cubic yards. 
Circular inches. 225. а ми WC .00546 — 2 Square feet. 
Cyl. inches M m ACE ERE x .0004546 =Cubic feet. 
feet ое x 02909 = “ yards. 
О x ‚22 =Yards, 
DEN ay Muy Arab tents Sara rae, ee х 66 —Feet. 
Кее кы Лл л усы аы x 1.5 . =Links. 
Матча спао БӘ = Acres per mile. 
183346:circularin- «o eere =1 square foot. 
2200 Cylindrical in................... =1 cubic foot. 
С o met ee ЛК. х 7.48 =U. S. gallons. 
асе е И ОЕ x -004329 =U. S. gallons. 
Ws S. gallons dou M eR HT x 13368. =Cubic feet 
E а x 231 = “ inches, 
Copie feet ее x .8036 =U. S. bushel 
ее UT х 000466 =“ “ “ 
Cyl- feetof waten d onen tote ats x 6 =U.S. gallons. 
Lbs. Avoir....... РА ЖЕ АИИ x -009 =cwt. (112) 
e ge CARI NUN, ООЛО ETE С -00045  — Tons (2240) 
Cubic feet of water.... © 2... .....X 62.5 = Lbs. Avoit. 
inches rM E X .03617 = 
Су ес ма ве 4901 =“ “ 
Суипсзуа[ег о ИУ х .02842 = “ ы 
13.44 U. S. gallons of water . MP =] cwt. 
OBIS UGS: A S =] ton. 
1.8 cubic feet of ађег................ =1 суі 
35.88 cubic feet of water..... ........ =1 ton. 
Column of water, 12 inches high, and 1 inch in diameter — .341 Lbs. 
US bushel n ада АН T x .0495 =Cubic yards. 
Petes E OT E E a EI X 1.24466 = “ feet. 
ее 2150 .42 =inches. 


Problem 28.—To find the volume of a cylindrical ring. 


Rule.—To diameter of body of ring add inner diameter of ring; 
multiply sum by square of diameter of body, and product by 2.4674. 


Example. — What is volume of an anchor ring. diameter of metal, being 
3 ins. and inner diameter of ring. 8 ins.? 
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3483? =99=product of sum of diameter and square of diameter of 
body of ring. 


Then 99 X 2.4674 = 244.2726 cu. ins. 
Problem 29.—To find the sectional area of a pipe. 


Example.—A pipe has an external diameter of 2 ins. and an internal 
diameter of 134 ins. Find its sectional area in sq. ins. 


} 


Rule.—From the area of the greater circle subtract that of the 


lesser. 
areaof2 O 52: x 7854 —- 3.1416 
2.4053 
£13 = (13° езе, 
| area of 194. O — (194)! x .7854 "7363 sq. ins. 
Properties of the Circle 
(According to Kent) 
Diameter of circle X .88628 \ sae of 
Circumference of circle х 28209 Side of equal square 
Circumference of circle *X1.1284 - perimeter of equal square 
Diameter of circle ТОТА 
Circumference of circle X .22508 }=side of inscribed square 
Area of circlex .90031 diameter ] 
Area of circle X1.2732 -area of circumscribed square 
Area of circle Х .63662  -area of inscribed square 
Side of square 1.4142 =diam. of circumscribed circle 
Side of square ‹ х4.4428 -circum. 
Side of square Х1.1284 . -diam. of equal circle 
Side of square X3.5449 — circum. of equal circle 
Perimeter of square Х .88623 =circum. of equal circle 
Square inches 1.2732 — =circular inches 


TEST QUESTIONS 


1. What is mensuration? 
2. What are the three divisions of mensuration? 


3. What is the length of the hypotenuse of a triangle in 
terms of the legs? 
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. What is the number 3.1416 used for? 


5. What is the value of 14*? 


13. 


14. 


15. 


16. 


18. 


. What length of moulding strip is required for a cir- 


cular window 5 ft. in diameter? 


. Give rule for finding the length of an arc of a circle. 
. If the circumference of a circle be 6 ft what is the 


length of a 60? arc? 


. What is the area of a rectangle 5 ft. wide and 12 ft. 


long? 


. How many sq. ft. of sheet tin are required to cover a 


church steeple having four triangular sides, meas- 
uring 12 ft. (base) X 30 ft. (altitude)? 


. Give rule for finding the area of a trapezium. 
. What is the method of finding the area of any ir- 


regular polygon? 

What is the area of an 8 sided polygon whose sides 
measure 4 ft.? 

Draw a diagram showing the meaning of the much 
used .7854. 


How much sheet tin is required to cover a 60° sector 
of a 10 ft. circular deck? 


What is the area of an ellipse whose two diameters 
are 10 and 6 ins.? 


. What is the displacement per minute of a 5X 6 engine 


running 600 r.p.m.? 


Give rule fov finding the slant area of the frustum of 
a cone. 


; 
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19. What is the volume of a cone whose diameter is 12 ft. 
and altitude 10 ft.? 


20. Find the volume of a sphere whose diameter is 5 ft. 


21. How many cu. ins. in a spherical segment having a 
base whose diameter is 60 ins: and a height of 20 
ins .? 


22. Name five regular solids. 


23. A pipe has an external diameter of 2 ins. and an in- 
ternal diameter of 134 ins. Find its sectional area 
in sq. ins. 
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CHAPTER 6 


Solid Geometry 


By definition solid geometry is that branch of geometry 
which includes all three dimensions of space in its reasoning. 
It involves the consideration of 
1. Planes; 
2. Prisms; 
3. Polyhedrons; 
4. Solids of revolution. 
a. Cylinder; 
b. Cone; 
с. Sphere. 


Planes. 


A plane or plane surface is one such that a straight line joining 
any two points in it will be wholly in the surface. It has length 
and breadth but not thickness. 


Properties of Planes.—1. Any three points, one of which does not lie 
in the same straight line, determines one and only one plane. 


2. A line and a point not on the line determine a plane. 
3. Two parailel lines determine а plane. 


4. Two intersecting lines determine a plane. 


184 Solid Geometry 








5. Two intersecting planes cut each other in a straight line. 


6. From a point outside a plane only one perpendicular can be let fall to 
the plane. 


7. From a@ point within a plane only one perpendicular to the plane can 
be erected. 


8. A line parallel with a plane is one in which every point is at the same 
distance from the plane. 


Definitions. 


Altitude.—The perpendicular distance between the vertex, or top, and 
the base. ‘ У 





Fic. 218.—Conditions which determine a plane A three points; B, line and a point; C, parallel 
lines; D, intersecting lines. See accompanying text: Properties of planes. 


Cone.—A solid generated by the revolution of a right triangle on one: 
of its legs as an axis. 


Cylinder.—A solid generated by the revolution of a rectangular plane 
on one of its edges as an axis. 


Cylindrical Surface.—A curved surface generated by a moving straight 
line called the generatrix which moves always parallel with itself and con- 
stantly passes through a fixed curve called the directrix. The generatrix 
in any one position is called an element of the surface. 


Dihedral Angle.—The angle formed by the intersection of two planes. 
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Directrix.—A line which so determines the motion of another line, or 
of a point that the latter will describe some surface or curve. See cylin- 
drical surface. 


Element.—The generatrix in any one position. 


Frustum.—That which is left of a cone or pyramid after the uppef 
part has been cut off by a plane parallel with the base. 


Generatrix.—A line point or figure that generates another figure by 
its motion. 


Lateral Area.—In a pyramid each side, or triangle, is a lateral faces 
the sum of their areas is the lateral area. The cylindrical surface of a 
cylinder is called the laceral surface; the conical surface of a cone is the 
lateral surface. 


INTERSECTION 


в STRAIGHT 





F1G. 219.—Two planes cut each other in a straight line. 


Perimeter.—The length. of the boundary line of any. plane figure. 

Plane Angle.—The angle formed by lines drawn in the two faces of a' 
dihedral angle from the same point in the edge of the angle and perpen- 
dicular to the edge. 


Polyhedron.—A solid bounded by plane faces especially more than four. 


Prism.—A solid whose bases or ends are similar plane figures, and 
whose sides are parallelograms; prisms are called triangular, square, reg- 
ular, etc., according as the bases are triangles, squarés, regular polygons, 





486 Solid Geometry 





etc.; and they are right or oblique according to whether the lateral edges 
are perpendicular or oblique to the bases. 


Revolution.—Rotation about an axis. 


Sphere.—A solid, every part of whose circumference is equidistant 
from a point within called the center. 


Superpose.—To place one figure upon another so as to demonstrate 
whether or not they are equal. 


Trihedral Angle.—-A polyhedral angle having three faces. 
Я Truncated.—Applied to a cone or pyramid whose-vertex has been cut 


off by a plane, either oblique to or parallel with the base; and +o a prism 
which has been cut off, usually oblique, to the base. 


l $ P 





Fic. 220.— Theorem 1. 


Theorem 1.—A perpendicular let fall from a point to a plane 
is the shortest distance from the point to the plane. 


In fig. 220, 


Given: PM, a perpendicular from P to plane M. 


To Prove: PM shortest distance from P to plane M. 


i 
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Proof. e 
If P be 1 ќо the plane it is L to any line in the plane as 
AB, passing through its foot M. 
"24 $290? 
Draw any other line from P to the plane as PS. Then PS 
is the hypotenuse of a right angled triangle. 
“РМ <Р Q.E.D. 





ANY POINT 
IN LINE OF 
INTERSECTION 


Fic. 221.—Plane angle AOB which measures the dihedral angle M-HD-S madefby the inter- 
secting planes. 


Dihedral Angles.—When two planes cut each other, a di- 
hedral angle is formed. To measure a dihedral angle take any 
point in the line of intersection and erect in each plane, a 
line perpendicular to the line of intersection as OA and OB 
in fig. 221. The angle AOB, then measures thẹ dihedral angle 
¢ formed by the intersecting planes M and S. 


Theorem 2.— When a plane bisects a dihedral angle every 
point in the plane ts equidistant from the faces of the angle. 


In fig. 222, 
Given: Plane L bisecting the dihedral angle M-HD-S. 


1 
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To Prove: PA=PB. 


Proof. 
From any point P in L, drop Ls to planes M and S. 


Since plane PAOB is 1 to planes M and S, it is 1 to the 
edge HD. 





! Fic. 222.—Theorem 2. 


“НО L AO, BO and PO. 


The 4 AOP and BOP are the plane angles of the dihedral 
angles M-HD-L and S-HD-L. 


Since the dihedral angles M-HD-L and S-HD-L are equal, 
ZAOP= ZBOP 
..PA=PB Q.E.D. 
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Prisms. 


A prism is a solid whose ends or bases are equal and parallel 
polygons and whose sides are parallelograms. 

The altitude of a prism is the perpendicular distance be- 
tween its bases. The accompanying illustrations show the 
appearance of various prisms. 





PARALELLO- 
PIPEDON 
FIGs. 223 to 225.—Various solids 1. 





TRIANGULAR 
PRISM 
Fics. 226 and 227.—Various solids 2. 
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Theorem 3.—If two prisms have the three faces which bound 
any solid angle in each, equal, similar and similarly placed, the 
prisms are equal. 


In figs. 228 and 229, 


Given: Prisms A —BDEFC and A' — B'D'E'F'C' with three 
faces which bound the solid angles B, B’, equal, similar and 
similarly placed. 


' 
' 
І 
' 
1 
4 
t 
i 
1 
t 
' 
' 
Li 
' 
1 
t 
4. 


F 





Fics. 228 and 229.—Theorem 3. 


To Prove: The prisms are equal. 


Superpose the two prisms so that B shall be on B’, and the 
bases coincident. Because the three angles which contain 
the angle B, are respectively equal to the three which contain 
the angle B’, their faces are equally inclined to. each other. 


Solid Geometry 191 


If the plane angles which constitute one trihedral angle be equal, each 
to each, to the plane angles which constitute another, the faces of the two 
4 are equally inclined to each other. 
z. faces AD and AC coincide with A’D’ and A’C’ 
and because they are equal and similar, the lines AG, AH will 
coincide with A’G’, А'Н'. 
..the upper bases being equal and similar to the lower bases 
and to each other, will coincide throughout and hence the 





Fics. 230 to 233.—Various pyramids. A, triangular; B, quadrilateral; C, hexagonal; D, oc- 
tagonal. 


other faces. will coincide. Since the prisms coincide, they are 
therefore equal to each other. 


Pyramids. 
A pyramid is a polyhedron having for its base a polygon and 
for tis other faces three or more triangles which terminate in a 
common vertex. 
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Theorem 4.—If a plane cut a pyramid parallel with the 
base: 1, the edges and the altitude will be cut proportionally; 
2, the intercepted section ts similar to the base. 


In fig. 234, 


Given: Pyramid H —ABC and plane cutting the pyramid at 
A'B'C' parallel with the base. 





Fic. 234.— Theorem 4. 


To Prove: 1. Eages and altitude are cut proportionally. 
2. A'B'C' is similar to ABC. 


Proof. 


1. The edges and altitude will be cut proportionally, for sup- 
pose a plane M, to pass through H, parallel with the plane of 
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the base; then the edges and the altitude, being cut by three 
parallel planes, M, S and N, will be cut proportionally, because 
if two straight lines be cut by parallel planes they will be cut 
in the same ratio. 

2. A'B'C' will be similar to ABC because AB is | with A'B' 
and the triangles HAB and HA'B' are similar. 


.. HA: HA' - AB: A'B' ! 
also НА:НА'=АС:А'С! 





Fics. 235 to 238.—Various solids. A, frustum of a pyramid; В, С апа D, ungula. 


If two proportions have one ratio in each the same, the. remaining 
terms are in proportion. 


'" AB: AC-A'B': A'C 
Also ZBAC- ZB'A'C' 
and the sides about the equal angle are proportional and sim- 
ilarly for any other angle of the figure. 


'. A ABC and A'B'C' are similar. Q.E.D. 
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» Theorem 5.—Pyramids on equal bases and of the same alti- 
tude are equal to each other. 
In figs. 239 and 240, 


Given: Pyramids M-ABC and S-ABCD having the common 
altitude OE and whose bases ABC and ABCD are equal in area. 


To Prove: Pyramids equal to each other. 
E M 





Fics. 239 and 240.—Theorem 5. 
OE is the common altitude (=Mm=Ss). 


Proof, 


Divide altitude OE into any number of equal portions, and 
through the points of division suppose planes to pass parallel 
with the bases. They will cut equal sections from the pyra- 
mids. On these sections inscribe in each of the pyramids a 
series of prisms. They will be equal to each other and this 
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will be true whatever the number of divisions in OE. Hence 
when that number is infinitely increased the series of prisms 
coincide with the pyramids. 


.. MABC =SABCD 


Q.E.D. 
Polyhedrons. 


A polyhedron is а solid bounded by plane faces especially by 
more than four. 


\ 
` 





Fics. 241 to 244.—Conic Sections: A, circle; B, ellipse; C, parabola; D, hyperbola. 
There are numerous classes of polyhedrons, known as: 
Conjugate.—Two polyhedra so placed or formed that the faces of one 
correspond in position to the vertices of the other. 


Convex.—A polyhedron in which not more than two faces pass through 
any edge and where there are no summits on different sides of the plane 
of a face. Е 
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Euler's Theorem.—The sum of the number of faces and vertices of 
any convex polyhedron exceeds the number of its edges by 2. 


Regular Polyhedron.—One whose faces are equal and regular pol;- 
gons and having all the angles equal and regular that meet at the vertices. 


There are but five, if stellated polyhedra be excluded; the regular tetra- 
hedron, hexahedron, octahedron, duodecahedron and icosahedron. 


PLANE. SURFACE ROTATION 3609 





CYLINDRICAL SURFACE 


GENERATRIX 


Fic. 245.—Cylinder as generated by the rotation of a rectangular plane about one of its edges. 
Semi-regular Polyhedron.—A polyhedron in which all the vertices 
are alike, but all the angles at a vertex are not equal. 

Simple Polyhedron.—A polyhedron whose summits are distinct, none 
falling within an edge and with no two faces having a common point. 
Solids of Revolution. 

"Under this heading is included such solids аз: — 
1. Cylinder; | ^ 


220 ра. am —— жел к form gon nm RS serena КЕ 
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2. Cone; | 
3. Sphere, 
being "generated" by the revolution of a plane, having for its 
boundary: 
]. A rectangle; 
2. A triangle; 
3. A semi-circle, 
respectively. 







GENERATRIX 


М. 


ALTITUDE 






Fic. 246.—Right cone or cone of revolution. 


Cylinders.—By definition a cylinder és a solid bounded by a 
cylindrical surface and two parallel planes; a solid generated by 
the revolution of a rectangular plane on one of tts edges as in 
ЛЕ. 245. 


Theorem 6.—The cylindrical surface of a cylinder is equal to 
the surface of the sides of an inscribed polyhedron having an 
infinite number of sides. 


In fig. 247, 


і =o. 
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Given: A cylinder and inscribed polyhedron. 


To Prove: Surfaces of cylinder and of a polyhedron of an 
infinite number of sides are equal. 


Proof. 


The area of the side surfaces of a polyhedron or cylindrical 
surface of a cylinder is equal to perimeter of the base x height. 


6 SIDES 12 SIDES INFINITE NUMBER 
OF SIDES 





Вс. 247 to 249.—Theorem 6. 





1G. 250.—Oblique or scalene сопе. 
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In fig. 247 perimeter of the hexagonal prism is considerably 
less than the circumference of the base of the cylinder. 

If the number of sides of the prism be increased, the differ- 
ence in its perimeter and the circumference of the base of the 
cylinder becomes less, as in fig. 248. 

Accordingly for an infinite number of sides, perimeter of 
polyhedron =circumference of base of cylinder. 

*, Cylindrical surface of a cylinder = surface of the sides 
of an inscribed polyhedron having an infinite number of sides. 


RIGHT CONE _ OBLIQUE CONE 





Fics. 251 and 252.—Frustums of right and oblique cones, showing frustum ABCD and part 
cut away CDH. 


Cones.—A cone is a solid figure that tapers uniformly from a 
circular base to a point. 
If the point lie in the perpendicular from ‘the center of the 
base, the cone is a right cone, otherwise an oblique cone. 
The slant height of a right cone is the length of one of its elements. 


A right cone is called a cone of revolution, since it may be generated by 
revolving a right triangle about one of its legs as an axis. 
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PLANE CURVED CONSECUTIVE 


ELEMENTS 


SURFACE 






SURFACE 
L 











т. 
eM 
Hl 

AW 


|||| 

И 
"i | 
|| | 










ч. | 

f [7] E l 
Fics. 253 and 254 —Plane and curved surfaces. Elements of a plane surface may be 
drawn in the surface in any direction as ab, cd, ef, as in fig. 253. Ina curved surface 


no three consecutire elements lie ia the same plane as in fig. 254. 


CYLINDER 


ELEMENTS 


RADIAL 


ELEMENTS 





Fics, 258 and 256. —Distinction ‘between cylindrical and conical surfaces. Fig. 255 : 
elements parallel: fig: 256 , elements radial. Both surfaces being curved surfaces, no three 
consecutive elements he in the same plane as indicated by plane LARF, passing through the 
first and third of the three consecutive elements ab, cd, and ef. 


p 
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The frustum of a cone is that part which is left after cutting off the 
upper part, the part including the vertex, by a plane parallel with the base. 


The lateral surface of a frustum of a cone is the portion of the lateral 
surface of the cone included between the bases of the frustum. 


The slant height of a frustum of a cone of revolution is the portion of 
any element of the cone included between the bases. 


TEST QUESTIONS 


1. Give eight properties of planes. 

2. What are the four conditions which determine,a plane? 

3. What is the shortest distance from a point to a plane? 

4. What is a dihedral angle? 

5. What is the difference between a cube and a parallelo- 
pipedon? 

6. What is a prism? 

7. What is the proof of the equality of prisms? 

8. Of what does the base and faces of a pyramid consist? 

9. How do pyramids having equal bases and the same 


altitude compare? Give proof. 
10. What is a polyhedron? 
11. Make drawings of various polyhedra. 
12. What is Euler's theorem? 


13. Distinguish between a semi-regular and a regular 
polyhedron. 
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14. Name the various solids of revolution. 


15: Prove that the cylindrical surface of a cylinder is 
equal to the surface of the sides of an inscribed 
polyhedron having an infinite number of sides. 


16. How is a cone generated? 


17. How do the elements of a cone differ from the elements 
of a cylinder? 


18. What is a frustum of a cone? 


- crete — 
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CHAPTER 7 


Spherical Geometry 


A sphere or spherical surface is @ closed surface every point 
of which is equally distant from a point within called the center 

The term sphere is used to denote either the spherical su. 
face or the solid bounded by the spherical surface. In most 
cases it relates to the surface. 


Properties of a Sphere. 
1. All points on the surface are equidistant from the center. 
2. All radii of a sphere or of equal spheres are equal. 
3. Spheres having equal radii or equal diameters are equal. 


4. A plane passing through the center of a sphere cuts the sphere in 
a great circle. 


5. All great circles of a sphere are equal. 


6. Every great circle divides a sphere into two halves called hemi- 
spheres. 


7. Any two great circles of a sphere bisect each other in the diameter 
which is the line of intersection of the planes of the two great circles. 


8. One and only one great circle will pass through two points not 
diametrically opposite. 


9. The distance between two points on a sphere is the length of the 
arc of the great circle joining these points. 


10. The great circle arc joining two points on a sphere is the shortest 
distance between the points, on the surface of the sphere. 
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11. A sphere may be generated by the revolution of a semi-circle about 
its diameter. 


12. The diameter of a small circle decreases the farther it is from the 
equator. 


13. The arc intercepted by the great circle sides of a spherical angle on 


the great circle at the distance of a quadrant from the vertex of this angle 
measures the angle. 


SPHERICAL TRIANGLE 






LUNE 


GREAT о. 


CIRCLES 


POLE 
Fic. 257.—Representation of a sphere giving pictorial definitions and illustrating how nof 


to draw a spherical triangle. See Fig. 301. 
14. The two spherical angles at the extremities of a lune are equal. 
15. The spherical angle at the extremity of a lune determines the lune. 


16. А tangent to a sphere touches the surface of the sphere in only one 
point. : 


c ea, еар рр наан, 


Spherical Geometry 205 


Definitions. 


Convex Spherical Triangle.—One in which each angle is less than 
two right angles and each side is less than two quadrants. 


Diametrical.—In a direction passing through the center; as if at op- 
posite extremities of a diameter. 


Great Circle.—Any section of a sphere made by a plane passing through 
the center. Two great circles always bisect each other. 


Lune.—The portion of the surface of a sphere enclosed between the 
semi-circumferences of two great circles. 


Normal.—A straight line perpendicular to a line or plane which is 
tangent to a curve and meeting it at the point of tangency. 


Polar Triangle.—A spherical triangle whose vertices are the poles of 
the sides of another triangle. 


Small Circle.—Every section of a sphere made by a plane not through 
the center. - 


Spherical Angle.—The intersection of two great circle arcs. 


Spherical Cord.—The arc of a great circle which subtends an arc of 
.a small circle on the surface of the sphere. 


Spherical Conic.—The curve produced by the intersection of a cone 
of the second degree and a sphere whose center is at the vertex of the cone. 


Spherical Harmonic Analysis.—A method by which a function is 
expressed as distributed over a spherical surface; used in a great variety 
of physical problems. 


Spherical Polygon.—The space on the surface of the sphere bounded 
Љу arcs of any number of great circles. 


Spherical Sector.—A solid formed by the revolution of a circular 
‘sector about any radius of the circle. 


Spherical Segment.—The portion of a sphere cut off by a plane. 


Spherical Triangle.—The space enclosed on the surface of a sphere 
"by the arcs of three great circles, each arc being less than a semi-circum- 
ference. It may be called right angled, equilateral or isosceles. 


Spheroid.—A body having nearly the form of a sphere. 
Spherics.—The geometry and trigonometry of the sphere. 


Spherical Zone.—The surface of a sphere between two parallel planes. 
‘Its altitude is the perpendicular distance between the planes. 
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Theorem 1.—A plane 1 to the extremity of a radius of a 
sphere is tangent to the sphere. 


In fig. 258, 
Given: Plane MS | [о radius OD of sphere at D. 


To Prove: MS tangent to sphere. 


Proof. 
Connect any point A in the plane with O and join AD. 





Fic 258.—Theorem 1. 


In the triangle OAD 


ZODA =90° 


“Ор <О4А 


Since. OD is the shortesi line from O to the plane, every 
other line from О to the plane is greater than the radius. 
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Accordingly, every point in the sphere except D lies without 
the plane. 
.. MS is tangent to the sphere at D. Q.E.D. 


Theorem 2.—Every section of a sphere made by a plane is a 
circle. 


In fig. 259, 


Given: Plane MS cutting a sphere in m.s. and O center of 
sphere. 





Fic. 259.— Theorem 2. 


To Prove: The curve of intersection m s is a circle. 


Proof. 


Draw О о 1 to section cut by MS; join o to C and D any 
two points in the perimeter of the intercepted section; draw 
OC and OD. 


—— 
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In the rt. As OoC and Oo D 
O o2O o and OC-OD 
“ A00C=A00D 
“.0C=0D ; 
Since C and D are any two points on the perimeter of the 


intercepted curve ms, all points on the perimeter are equi- 
distant from o. 


~ 






ск 


Inc. 260.—ТАеогет 3. 


| .. the curve ms is a circle Q.E.D. 


Theorem 3.—The sum of any two sides of a spherical triangle 
is greater than the third side. 


In fig. 260, 
Given: A ABC. 
To Prove: AB+BC>CA 
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Proof. 
Join A,B,C, with center O. 
ZAOB+ ZBOC> (СОА 
'These angles are measured by the sides of the triangle ABC. 
^. AB--CBC 2» CA Q.E.D. 


TEST QUESTIONS 


1. Give the properties of a sphere. 


N 


. How is the distance between two points on a sphere 
measured? ` 


. What is a great circle? 
. How is a sphere generated? 
. What is a lune? 


Сс л ь > 


. What is the difference between a great circle and a 
small circle? 


7. Prove that a plane L to the extremity of a radius of 
a sphere is tangent to the sphere. 


8. What is the shape of any section of a sphere cut by a 
plane? 


9. Prove that the sum of any two sides of a spherical 
triangle is greater than the third side. 


10. What does the spherical angle at the extremity of a 
lune determine? 


ee ig ee y 
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11. Explain spherical harmonic analysis. 


12. Prove that every section of a sphere made by a plane 
is a circle. 


` 
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CHAPTER 8 


Descriptive Geometry 


This branch of geometry is concerned with the graphic meth- 
ods of representing all geometrical magnitudes and the solution of 
problems relating to these magnitudes. 

It is based on parallel projections to a plane by rays perpen- 
dicular to the plane. 

If the plane be horizontal the projection is called the plan of the figure, 
and if the plane be vertical, the elevation. 


The drawings are so made as to present to the eye, situated at a par- 
ticular point, the same appearance as the object itself, were it placed in 
the proper position. 

The method of representation is known as orthographic projection. In 
this method the point of sight is at an infinite distance in a perpendicular 
drawn to the plane of projection, 


In this method the point of sight being at an infinite distance, the pro- 
jecting lines drawn from any points of an object of finite magnitude to 
this point, will be parallel with each other and perpendicular to the plane of 
projection. 


In the projection shown in fig. 261, two planes are used, 
at right angles to each other. 


1. The horizontal plane, H 
2. The vertica! plane, V 


These planes form by their intersection four dihedral angles. 
The /irst angle is above the horizontal and in front of the ver- 
tical plane. The second is above the horizontal and behind the 
vertical. The third is below the horizontal and behind the ver- 
. tical. The fourth is below the horizontal and in front of the 
vertical. 
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Problem 1.~-Given the two projections of a point to find the 
point. 

In fig. 261, 

Let p and p’ be the projections of the point in the horizontal 
and vertical planes respectively. At p and p’ erect Ls, by 
. drawing lines from p and p’ L to the H and V planes re- 
spectively. 

The intersection P of these lines is at the point required. 





VERTICAL PLANE 


Fic. 261.—Problem 1. 

Problem 2.—Given the projections of the extremities of a line 
to find the line. 

This is simply an extension of problem 1. 

In fig. 262, А 


Let ms and m’s’ be the projections of the extremities of . 
the line in the H and V planes respectively. 





—— – — D ЕВЕР. - — —— - — oo 
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Project as in problem 1, to locate the extremities M and S, 
of the line. Join M and S, giving MS, the line required. 


Problem 3.—Given. the traces of a line to find the line. 


In fig. 263, 





Fic. 262.—Problem 2. 





Fic. 263.—Probiem 3. 
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Let ms and m’s’ be the H and V traces respectively of the 
line. 

From the points ms and m’s’, the extremities of the traces, 
project as in problem 2 to locate the extremities M and S of 
the line. 

Join M and S, giving M S the required line. 






те TRACE 





Fic. 264.—Intersection of a plane MS, with the V and H planes, showing horizontal trace 
hh and vertical trace vv. 


Planes.—A plane is determined by its two traces, which are 
two lines cut on the projection planes. 


If the plane be parallel with the axis its traces are parallel with the 
axis. Of these one may be at infinity; then the plane will cut one of the 
planes of projection at infinity and will be parallel with it. Thus a plane 
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parallel with the plane has only one finite trace, that is the trace made 
by its intersection with the V plane. 


If the plane pass through the axis both its traces coincide with the 
axis. This is the only case in which the representation of the plane by 
its two traces fails. 


Problem 4.—To locate the point in which a given straight line 
extended, pierces the planes of projection. 


In fig. 266, 
Let ms and m's' be the projections of the line. 






LINE CUTS 
VERTICAL 
PLANE HERE 


LINE CUTS HORIZONTAL PLANE HERE 
Fic. 265.— Problem 4. 


Produce the vertical trace m’s’ until it intersects the ground 
: line at g’, and at g’ erect a 1 to the ground line in the H 
plane and produce it until it intersects the horizontal trace 
extended at h, the required point of intersection with the H 
plane. 

By a similar construction the intersection h’ with the V plane 
is obtained. 
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Problem 5.— 7^ find the distance between two points M and S 
in space. 5 р 

In fig. 266, 6 

Let ms and m's' be the traces of a line joining the two points 
M, S. 





Fic. 266.—-Problems 4 and 5. 


From the ends of the vertical trace m’s’ erect $ to the ground 
line m’o and s'o', cutting the ground line at o and o’ re- 
spectively. On the horizontal projection ms, erect s; mM’ = 
от' апд 55' =0'5'. 

Join the points M’ and S’. The length of this line M’S’ is 
eqnal to the length of the line MS (not shown) in space. 


In order not to complicate the drawing, the line MS in space is not shown. ( 


If the construction be accurate M’S’ extended will cut ms extended at. 
g the point of intersection with the H plane, as determined by projecting 
over from g’ the intersection of the vertical trace with the axis. 


The angle ¢ is the angle made by MS with the H plane. 
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Conic Sections.—By definition a conic section is a section cut 
by a plane passing through a. cone. | 

These sections are bounded by well known curves, and the 
latter may be any of the following depending upon the inclina- 
tion or position of the plane with the axis of the cone. 


1. Triangle 


Plane passes through apex of cone 





CUTTING 
PLANE 







ELLIPS 


CUTTING 
PLANE 


Fics. 267 to 270.—Conic 
sections obtained by cut- 
ting a cone with a plane; 
showing position of plane 
for obtaining the various 
sections. 


2. Circle 


Plane parallel with base of cone 


3. Ellipse 


Plane inclined to axis of cone 
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4. Parabola 


Plane parallel with one element of cone 
5. Hyperbola 


Plane parallel with axis of cone 







— —— — 
— 
— 








“ 
“М 
NG SS 


SS 


SS 


C 
4 


Fics. 271 and 272.—Surface cut by plane passing through apex of a cone—triangle. 


These sections appear as straight lines in elevation, while in 
plan they appear (with exception of the triangle) as curves. 
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Problem 12.—Find curve cut by a plane passing through 
apex of cone as in figs. 271 and 272. 


Let ABC, be elevation of cone and MS, cutting plane passing through 
apex. Project point D, down to plan parallel with axis cutting base of 
cone at D’ and E’, obtaining line D’E’, base of developed surface. 


With D, as center and radius DA, equal to element of cone swing A, 
around to base line and project down to A’. Join A’ with D’ апа Е’. 
Then, A'D'E' is the developed surface or triangle cut by plane MS, with 
cone. 


Problem 13.—Find surface cut by a plane passing through 
a cone parallel with its base as in figs. 273 and 274. 





Fics. 273 and 274.—Surface cut by plane passing through a cone parallel with its base—circle. 


This may be found by simply projecting over to the plan. Where MS, 
cuts the element AB, as at F, project over to the axis of the plan and 
obtain point F’. 

Similarly point L’ may be found. These points are equidistant from the 
center O, hence with radius =0OF'=0L', describe a circle which is the 
curve cut by plane MS, when parallel with base of cone. 


Problem 14.—Find the curve cut by a plane passing through 
a cone inclined to its axis as in fig. 275. 
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In fig. 275, let the plane cut the elements OA and OB, of the curve 
at M and S, respectively. Project S, down to s', in plan giving one point 
on the curve. With S, as center swing M, around and project down to 
m’, in plan giving a second point on the curve, m’s’, being the major axis 
of the curve. 









SH 
NS 
N 


© 







Fics. 275 and 276.—Surface cut by plane passing through a cone inclined to its axis—ellipse. 


To find the minor axis of curve, bisect MS, at R, and swing R, around 
to horizontal with S, as center and project down to plan. Through R, 
draw radius 3, and describe arc with radius 3, about O' as center. Where 
this cuts projection of R at r, project over to plan, intersecting the ver- 
tical plan projection of R at т’. O"r', is half the minor axis. 
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To find the projection of any other point as L, or F, proceed in similar 
manner as indicated, obtaining /', or f. The curve joining these points 
and symmetrical points below the major axis is an ellipse. 


Problem 15.—Find the curve cut by a plane passing through 
a cone parallel with an element of the cone as in figs. 277 and 
278. 


Let the plane MS, cut element AB, at L, and base at F. Project F, down 
to plan cutting base at F’ and F”, which are two points in the curve. 





Fics. 277 and 278.—Surface cut by plane passing through a cone parallel with an element 
of the cone—parabola. 


With F, as center and radius LF, swing point L, around and project 
down to axis of plan, obtaining point L’ in the curve. 

Now any other point as R, may be obtained as follows: swing R around 
with F as center and project down to plan with line HG. 

Describe an arc in plan with a radius (=radius7?’ of cone at elevation 


of point R), and where such cuts the projection of R at R’; project R’ over 
to line HG, and obtain point R”, which is a point in the curve. 
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Other points may be obtained in a similar manner. The curve is traced 


through points F’,R’,L’, etc., and similar points on the other side of the 
axis, ending at F”. Such curve is called a parabola. 


Problem 16.—Find the curve cut by a plane passing through 
a cone parallel with the perpendicular axis of the cone, as in 
‘figs. 279 and 280. 








Fics. 279 and 280.—Surface cut by a plane passing through a cone parallel with the axis of 
the cone—Ayper bola. 


Let plane MS, cut element AC, at L, and base at F. Project F, down 
to plan cutting base at F’ and F", which are two points in the curve. With 
F, as center and radius FL, swing point L, around and project down to 
axis of plan obtaining point L', in the curve. 


Now any other point as R, may be obtained as follows: Swing R, around 
with F, as center and project down to plan with line HG. Describe a circle 











DEVELOPMENT OF 
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ANS teat Se 7, 

Agam s em 

"UTE SERRE С N 
COSS pa lm. 


224 


in 





Descriptive Geometry 


plan with radius r7' (=radius of cone at elevation of point R) and where 


this circle cuts the projection of R at R’, project over to line HG, and 
obtain point R”, which is a point in the curve. Other points may be ob- 
tained in a similar manner. 


The curve is traced through points F’,R’,L’, and similar points on the 


the other side of the axis ending at F". Such curve is called a Ayperbola. 


It 


will be noted that problems 15 and 16 are virtually worked 


out in the same way. In fact the text of one will apply to the 
other. 


Don од 


-I 
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TEST QUESTIONS 


. What is descriptive geometry? 

. How many projection planes are used? 

. Find a point whose two projections are given. 

. What are the traces of a line? 

. How is a plane determined? 

. Locate the point in which a given straight line ex- 


tended, pierces the plane of projection. 


. What is a conic section? 
. Find the curve cufsby a plane passing through the 


apex of a cone and inclined to the axis. 


. What curve is cut by a plane passing through a cone 


parallel with an element of the cone? 


What is the curve cut by a plane intersecting a scalene 
cone parallel with the base? 


Draw the development of a scalene cone. 


Find the curve cut by a plane intersecting a scalene 
cone oblique to the base. 
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CHAPTER 9 


Analytical Geometry 


Analytical geometry may be defined as that branch of geom- 
etry in which position is indicated by algebraic symbols and the 
reasoning conducted by analytic operations. 





fic. 285.—Rectangular axes. 


Axes and Co-ordinates.—It is assumed that the points, lines 
and figures here considered lie in one and the same plane and 
accordingly the plane need not in any way be referred to. 

The position of any point in this plane is fixed by its distances 
from two axes. The axes may be rectangular as in fig. 285, or 
oblique as in fig. 286. : 
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Rectangular axes are generally used; however, sometimes it-is more 
convenient to use oblique axes. 


The position of a point is fixed by two co-ordinates, as shown 
in fig. 287, known as 


1. Abscissa; 
2. Ordinate. 


OBLIQUE Y 





Fru. 286.—Oblique axes. 


An abscissa is the distance of any point from the axis of or- 
dinates (the Y axis) measured on a line parallel with the axis 
of abscissae, that is, the X axis. 

An ordinate is the distance of any point from the axis of ab- 
scissae (the X axis) measured on a line parallel with the axis of 
ordinates, that is, the Y axis. 

In fig. 287, the abscissa of the point P is PH, and the ordi- 
nate PD. To distinguish abscissae and ordinates they are rep- 
resented by the symbols x and y respectively as indicated in 
the figure. 
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A point 1s referred to as the point a,b, when its co-ordinates 
are 

x =a (abscissa) 

y —b (ordinate) 

Note that the abscissa is always mentioned first. 

Since the two intersecting axes divide the plane into four 
quadrants it is necessary to distinguish the quadrant contain- 
ing a given point. The quadrant is indicated by the signs 
(positive or negative) given to the co-ordinates as in fig. 288. 
For instance a point x=a and y=6 is in the first quadrant 








= 
y 


ABSCISSA 


—Á 


< 


ORDINATE 





О ---- 


Fic. 287.—-Rectangular axes illustrating co-ordinates. 


(as shown in fig. 288). If the point were in some other quad- 
rant its position would be expressed as follows: 
2nd quad x 2 —a; y 2 4b 
3rd quad x2 —a; y2 —b 
: 4th quad x= +a; y= —b 
When no sign is given. the value of x or y is +. 
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Equations and Loci.—If x,y in fig. 287 be the point P and 
assuming that x=0 (zero), then P lies-on the Y-axis at a dis- 
tance above the origin 0, corresponding to the value given to y. 

The equation x =o will be satisfied for all values given to y 
and accordingly this is the equation c£ the Y axis. 

Similarly y=o indicates that the point lies on the X axis, 
and accordingly this is the equation of the X axis. 


The equation x=0, y=a, is the equation of a point P on the y axis, 
as in fig. 289. 





2ND Y IST 
QUADRANT QUADRANT 
х = x + 
y + у + 
X 
3RD 4TH 
. QUADRANT. QUADRANT 
X = x + 
у — у — 


Fic. 288.—Co-ordinate signs for the form quadrant. 


An equation x =a, where a is a constant, as in fig. 290, ex- 
presses that P lies on a parallel with the Y axis through a point 
m on the axis of X such that om =a. 


Every line parallel with the Y axis has an equation of this form. 

Similarly, every line parallel with the X axis has an equation of the 
form y=b, where b, is some definite constant. These are simple cases 
of the fact that a single equation, in thè current co-ordinates of a variable 
point (x, y) imposes one limitation on the freedom of that point to vary. 

The co-ordinates of a point taken at random in the plane will, as a rule, 
not satisfy the equation, but infinitely many points, and in most cases 
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infinitely many real ones, have co-ordinates which do satisfy it,.and these 
points are exactly those which lie upon some locus of one dimension, a 
- straight line or more frequently a curve, which is said to be represented 
by the equation. : 
Problems. | 


` Problem 1.—To find the equation of a straight line parallel 
with one of the axes. 





Fic. 289.—Point P on the Y axis. 





Fic. 290.—Point P illustrating equations. 
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In fig. 291, 
LP is the straight line || with the X axis at a distance OL =b. 
Let x,y be the co-ordinates of any point P on the line. Then 


the ordinate NP is equal to OL. Hence y=) is the equation 
of the line. 





Fic. 291.—Problem 1. 


Ү Р 





О 


Fic. 292.—-Problem 2. 


N X 


Problem 2.—To find the equation of a straight line which 
passes through the origin. 


In fig. 292, 
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OP is the straight line. Let tan NOP=m, and x,y the co- 
ordinates of any point P on the line, then 


NP =tan NOP XON 
..y=m x is the required equation. 


Problem 3.— To find the equation of any straight line. 

In fig. 293, | 

Let LMP be the straight line meeting the axes in the points 
L,M. 

Let OM=c, and let tan OLM =m. 





X 


Fic. 293.—Problem 3. 


Let x,y be the co-ordinates of any point P on the line. 
Draw PN parallel with the Y axis, and OQ parallel with the 
line LMP, as shown. 
Then NP =NQ+QP=ON tan МОО +ОМ. 
But 
NP =y, ON =x, OM =c, and tan NOQ =tan OLM =m 
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<. y=mx+c 
which is the equation of any straight line. 


Problem 4.—To find the equation of a siraight line in terms 
of the intercepts which it makes on the axes. 


In fig. 294, 


Let A, B be the points where the straight line cuts the axes, 
and let OA =q, and OB =b. 


Let the co-ordinates of any point P, on the line be x y. 
Draw PN parallel with the axis of y, and join OP. 





Fic. 294.—Problem 4. 


Then A APO+ APBO= AABO; 
ay+bx=ab, 
or житу 
“42 =1, 
a b 
This equation may be written in the form 


ix4my-l. 





Analytical Geometry 233 


where / and m are the reciprocals of the intercepts on the axes. 


Problem 5.—To find the equation of a circle referred {о any 
rectangular axes. 

In fig. 295, 

Let C be the centre of the circle, and P any point on its 
circumference. 


Let d,e, be the co-ordinates of C; x,y the co ordinates of P; 
and let a, be the radius of the circle. 





Fic. 295.—Problem 5. 


. Draw CM, and PN, parallel with OY, and CK parallel 
with OX. 


Then (CK)?+ (KP)? = (CP)? 
But CK 2x—d, and KP-y —e; 
'. (2 —4)--+ (у ~ е)? =а? 
is the required equation. 
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If the centre of the circle be the origin, d and e will both 
be zero, and the equation of the circle will be 
` х%+у%=а? 
Problem 6.—To find the equation of a parabola. 
In fig. 296, 
Let S be the focus, and YY’ the directrix. 
Draw SO perpendicular to YY’ and let OS =2a. 





Fic. 296.—Problem 6. 


Take OS for the axis of x, and OY for the axis of y. 

Let P be any point on. the curve, and let the co-ordinates 
of P be x,y. 

Draw PN, PM, perpendicular to the axes, as shown, and 
join SP. 
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c 2 Ya? - b? 


Fic. 297.— The ellipse. A curve generated by a point moving so Ihal the sum of its distances 
from two fixed points is always constant. The fixed points are called the foci. Equation of 
ellipse with center at origin: 





FIG. 298.—The hyperbola. A curve generated by a point moving so that the difference of its 
distances from two fixed points is always constant. 
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Then, by definition, SP - PM; 


hence (PM)? = (SP)? = (PN)?+ (SN)? 
that is x? = y?+ (x — 2a)? 
yt=4a (х-—а) 


the required equation of the curve. 6 
If the parabola be taken with its axis along the X axis and 
vertex at origin, the equation becomes 


у =4 ах 


TEST QUESTIONS 


|. 1. Define analytical geometry. 
2. How is the position-of any point determined? 


. What is the difference between an abscissa and an 
ordinate? 


. Which of the two co-ordinates is mentioned first? 

. Give the sign of the co-ordinates of the four quadrants. 
_ In which quadrant are both co-ordinates minus? 

_ Give the equation for a point which lies in the X axis. 


_ Find the line whose equation is lx + my=1. 


о 


O0 ~ сол H- 
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CHAPTER 10 


Trigonometry 


Trigonometry is that branch of mathematics which treats of 
the measurement of plane and spherical triangles, that is, the 
determination of three of the parts of such triangles when the 
numerical values of the other three parts are given. 


Since any plane triangle can be divided into right angled triangles, the 
solution of all plane triangles can be reduced to that of right angled tri- 
angles; moreover according to the theory of similar triangles, the ratios 
between pairs of sides of a right angled triangle depend only upon the 
magnitude of the acute angles of the triangle, and may therefore be re- 
garded as functions of either.of these angles. 


Trigonometry is divided into three branches: 


1. Plane; 
2. Spherical; 
3. Analytical. 
Plane trigonometry deals with plane triangles, and spherical trigonome- 
try with spherical triangles, the difference being shown in figs. 300 and 


301. Evidently the kind of trigonometry the mechanic is interested in is 
plane trigonometry. Spherical trigonometry is useful in navigation. 


This chapter explains plane trigomometry. 


Angles.—When two lines meet, as shown in fig. 299, they 
form an angle with each other. The point where the two lines 
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meet or intersect is called the vertex of the angle. The two 
lines forming the angle are called the sides of the angle. 


Angles are measured in degrees and sub-divisions of a degree. If the 
circumference (periphery) of a circle be divided into 360 parts, each part 
is called one degree and the angle formed by two lines from the center of 
the circle to the ends of this small part of the circumference is a one degree 
angle. 


A Я 








DEGREES 


VERTEX 


О B 


Fic. 299.— Oblique angle showing parts and how measured. 


As the whole circle contains 360 degrees, one half of a circle contains 
180 degrees, and one quarter of a circle 90 degrees. A 90 degree angle 
is called a right angle. 


An angle larger than 90 degrees is called an obtuse angle, and an angle 
less than 90 degrees is called an acute angle. Any angle which is пої а 
right angle is called an oblique angle. 


NOTE.—Angles. The side of tne angle that revolves is called the terminal line. The side 
from which the revolution is measured is called the initial line. An angle is said to be in the 
quadrant in which its terminal line is located. A positive angle is one in which the terminal 
line revolves in a counter-clockwise direction. A negative angle is one in which the terminal 
line revolves in a clockwise direction. 
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When two lines form a right or 90 degree angle with each other, one 
line is said to be perpendicular to the other. 


Triangles.—Every triangle has six parts: 
1. Three angles. 
2. Three sides. 


PLANE TRIANGLE SPHERICAL 
TRIANGLE 
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f'cs. 300 and 301,—Plane and spherical triangles illustrating blane and spherical branches 
of trigonometry. 
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Fic. 302.—Angle showing that the length of a degree depends upon the diameter of the circle 
on which it is measured. р 
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When any three of these parts are given, provided one of 
them be a side, the other parts may be determined. The de- 
termination of the unknown parts is called the solution of 
triangles. 


Measurement of Angles.—In trigonometry the arcs of circles 
are used to measure angles. The unit of measurement of angles 
is the degree (?). In this system of measurement, the circumfer- 
ence of every circle is supposed to be divided into 360 equal parts, 
called degrees; thus, a degree is 1/3so of the circumference of any 
circle. A degree is divided inte 60 parts called minutes 


COMPLEMENT SUPPLEMENT 
OF ANGLE A0B OF ANGLE AOE 








Fics. 303 and 304.—Complement and supplement of an angle. 


expressed by (’), and each minute is divided into 60 seconds, 
expressed by (^^), so that the circumference of any circle contains 
21,600 minutes or 1,296,000 seconds. 

Evidently, then the length of a- degree depends upon the 
diaineter of the circle as shown in fig. 302. 


The complement of an angle is the difference between 90? and the angle; 
the supplement of an angle is the difference between 180? and the angle. 
These terms are illustrated in figs. 303 and 304. 


Trigonometrical Functions.—A function is a quantity in 
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methematics so connected with another quantity that if any al- 
teration be made in the latter there will be a consequent alteration 
in the former. The dependent quantity is said to be a function 
of the other. Thus, the circumference of the circle is a func- 
tion of the diameter. 


These functions may consist of: 


1. Ratios. 
2. Lines (“natural functions”). 


In the first instance they are defined by referring to a triangle made by 





OPPOSITE SIDE 






О 5 


ADJACENT SIDE B 


Fic. 305.—Angle 0 апа constructed triangl OAB for expressing trigonometrical functions as 
ratios. 


drawing (as in fig. 305) a perpendicular from any point A, on one side of 
a given angle, MOS ог 9, to the other side, as AB. 


It will be noted that the triangle thus formed is a right triangle, that is, 
angle ABO = 90°. In this triangle the trigonometrical functions, expressed 
as ratios are as follows: 


AB _ opposite side 
Sine of the angle 8 AO hypotenuse 


_ OB _ adjacent side 
Cosine of the angle @ = CA = Rooter use = 





, 
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AB _ opposite side 
Tangent of the angle 0. — ов“ Шр 
ОВ 2 adjacent side 
BA opposite side 
OA _ hypotenuse 
OB adjacent side 
_ OA _ hypotenuse 


tof the angle @ = —— = -n 
Созесап E AB opposite side 


| Cotangent of the angle 9 = 


Secant of the angle 8. — 


COTANGENT SO DM 





TANGENT 


5 


Fic. 306.— Natural trigonometrical functions, or functions expressed as lines. 


For the sake of brevity the names of the functions are contracted, thus: 
for sine 6, write sis 0; for cosine @, write cos 6, etc. 


The cosine, cotangent (cot.) and cosecant (cosec) of an angle are respect- 
ively the sine, tangent and secant of the complement of that angle. 
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In the second instance the trigonometrical functions. are 
defined by certain lines whose lengths depend upon the arc 
which measures the angle. These are virtually ratios but by 
taking what corresponds to the hypotenuse OA, of the triangle 
AOB, in fig. 305.as a radius of unity length of a circle the de- 
nominators of the ratios become unity or 1, and disappear leav- 
ing only the numerators, that is, a line instead of a ratio or 
function; these lines are the so called “natural functions,” 
thus in fig. 306. 





Sine angle 0 = LAB = AE = AB 
radius 1 
Cosine angle @ = OB = OB 
radius 
MS MS 
Tangent angle 6 = ТТ MS 
Cotangent angle @ = tangent of complement of angle ¢ 
EL O ELT да 
— OF radius FL 
OM OM 
Si tangle @ = = = 
Е 05 radius 
Cosecant angle @ = secant of complement angle 4 
OL OL 
-OF radus oL 
Versed sine angle 0 = — = Aa - BS 


It is these natural trigonometrical functions that are especially useful, 
rather than the functions expressed as ratios, because, with the aid of the 
table of natural trigonometrical functions given on page 244, the exact 
lengths of the functions for an arc of unity radius can be found. 


Change of Sign.— Whether the value of a function is + or — 
(positive or negative) depends upon the quadrant. 

If a circle be divided into four quadrants by a vertical and a horizontal 

diameter the upper right hand quadrant is called the first, the upper left 
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Natural Trigonometrical Functions 


= а аы аа eel 





о 1.0000 0000, ‚7193 1.4395 
1 EE .9998 wee Coan V ‚7314 = АЕ 1.4663 
2 03400 | 9904 | .03492 | 1.0006 | 48 «7431 | .6691 | 1.2106 | 1.4045 
3 08234 | .9988 | .05241 | 1.0014 | 49 7547 | .5561 | 1.1504 | 1.5242 
4 106076 | .9976 | .06903 | 1.0024 | 50 „7660 | .6428 | 1.1918 | 1.5557 
5 08716 | „9962 | „08749 | 1.0038 | ~51 „71 | .6293 | 12340 | 1.5890 
6 ‚10453 | .9045] .10510 1.0055] 52 .T880 | „6157 | 1.2709 | 1.6243 
7 .12187 | .9925 | .12278 | 1.0075 | 53 .7086 | „6018 | 1.3270 | 1.6616 
8 11892 9003 | .1405 | 1.0008 | 54 .8090 | .5878 | 1.3764 | 1.7013 
9 +1864 .9877 | .1584 [1.0128 | 55 .8192 | .5736 | 1.4281] 1.7434 
10 ‚1736 9848 | ‚1763 |1014] % „8290 | .5592 | 1.4826 | 1.7883 
n .1008 .9816 | .1944 | 1.0182 | 57 .8387 | .5446 | 1.5300 | 1.8361 
12 „2079 .9781 |. .2126 |1.0223 | 58 .8480 | „5209 | 1.6003 | 1.8871 
13 .2250 19744 | .2309 | 1.0263 | 59 .8572 | .5150 | 1.0643 | 1.9416 
14 ‚2419 9703 | .2493 | 1.0806] 60 || .8660| .5000 | 1.7321 | 2.0000 
15 .2588 „9659 |, .2679 | 1.0353 | 61 „8746 | .4848 | 1.8040 | 2.0627 
16 2756 .9613 | .2867 | 1.0403] 62 .8829 | .4695 | 1.8807 | 2.1300 
17 ‚2924 ‚9563 | .3057 [1.0157 | 63 .8910 | .4540 | 1.9626 | 2.2027 
18 3090 .9511| .3249 | 1.0515 64 .B088 | ' 4384 2.0503 | 2.2812 
19 .3256 9455] 3443 | 1.0876] 65 „9063 | .4226 | 2.1445 | 2.3062 
20 .3420 | .0307 | „3640 |1.0642 | 66 ..9135 | .4067 | 2.2460 | 2.4586 
21 .3584 .9336 | „3839 |1.0711 | 67 || .9205 | .3907 | 2.3550 | 2.5503 
22 «3746 9272] .4040 | 1.0755 | 68 .9272 | .3746 | 2.4751 | 2.6695 
23 .3907 .9205 | .4245 11.0864 | 69 .9336 | ,358% | 2.6051 | 2.7908 
24 „4067 .9135 | .4452 | 1.0946 | 70 .9397 | `.3420 | 2.7475 | 2.9238 
25 +4226 19003 | .4663 | 1.1034 | 71 9455 | .3256 | 2.9042 | 3.0715 
26 A384 8988 | „4877 |1.1126 | 72 9511 | .3090 | 3.0777 | 3.2361 
27 .4540 | .5910] .5095 | 1.1223] 73 .9563 | .2024 | 3.2709 | 3.4203 
28 „4695 | .8829 | „5317 |1.1326| 74 .9613 | „2756 | 3.4874 | 3.6270 

~ 2 || мв .5746 | .5543 | 1.1433 | 75 „9659 | .2588 | 3.7321 | 3.8637 
30 ‚5000 | .8660 | „5774 | 1.1547 | 76 .9703 | .2419 | 4.0108 | 4.1338 
31 .5130 „8572 1 „6009 | 1.1666] 77 .9744 | .2250 | 4.3315 | 4.4354 
-32 .5299 .8480 | .6249 | 1.1702] 78 .9781 | .2079 | 4.7046 | 4.8097 
33 .5446 .8387 | „6194 | 1.1024] 79 „9816 | „1908 | 5.1446 | 5.2108 
ЕМ .5592 .8290 | .0745 |1.2002| 80 .9848 | .1736 | 5.6713 | 5.7588 
35 .5736 .8192 | .7оп2 |1.2208 | 81 .9877 | .1564 | 6.3138 | 6.3024 
36 .5878 .8090 | .7265 | 1.2361 | 82 9903 | .1392 | 7.1154 | 7.1853 
37 „6018 .7086 | .7536 | 1.2521] 83 .9925 | .12187 | 8.1443 | 8.2055 
38 ‚6157 17880] .7813 | 1.2600] 84 29045 | 10453 | 9.5144 
39 „6293 .7771 | .8098 |1.2867 | 85 .9962 | .08716 | 11.4301 
40 „6428 .7660 | .8301 | 1.3054] 86 ‚9976 | .06076 | 14.3007 
41 ‚6561 .7547 | 8603 | 1.3250 | 87 .9986 | .05234 | 10.0811 
42 „6691 „лезі | „вооа | 1.3456 | 88 .9994 | .03490 | 28.6363 
43 .6820 | .7314| .0325 | 1.3673] 89 .9998 | .01745 | 57.2000 
44 ‚6947 ‚7193 | .9657 [1.3902] 90 [11.0000 | Inf. Inf, 

43 .7071 .7071 | Т.0000 | 1.4142 — — — p 


NOTE.—For intermediate values reduce angles from degrees, minutes and seconds te 


degrees and decimal parts of a degree (as 40° 21’ 30” = 40.358°) interpolate or consult a larger 
table. 
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the second, the lower left the third, and the lower right, the fourth, as 
in fig. 314. The signs of the functions in the four quadrants are as follows: 


27 | COSINE, | | TANGENT 
COTANGENT 


COSECANT 
SECANT. 
8 


ANGLE Ө COMPLEMENT 
OF ANGLE O 


VERSED SINE 


Fics. 307 to 313 —The natural trigonometrical functions each shown separately for clear- 
ness. As elsewhere stated the cos., cot, and cosec. of an angle are respectively the sine, tan, 
and sec. of the complement of the angle. 


First Second Third Fourth 
quad. quad. quad. quad. 


. Sine and cosecant T + ~, – 
Cosine and secant + – = + 
Tangent and cotangent + – + · – 


Functions of the Supplement of an Angle.—The sine of an 
angle is equal to the sine cf its subblement, and the cosine, tangent 


— — 
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and cotangent are each equal to minus the same functions of its 
supplement. ‘That is: 


sin (180°— ¢)=sin Ф 

cos (180° — ¢) =—cos ¢ 
tan (180? — 9) 2 —tan ф 
cot (180% — ф) = — сој ф 








{ST 
QUADRANT 


2ND 


QUADRANT 












3RD 


QUADRANT 


4TH 


QUADRANT 





Fic. 314.—The four quadrants. 
Law of Sines and Cosines.—All formulae for the solution of 
triangles are based on: 


1. The law of sines; 
2. The law’of cosines. 


together with the fact that the sum of the three angles of a tri- 
angle equals 180°. 
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{п a triangle, any side is to any other side as the sine of the 
angle opposite the first side is to the sine of the angle opposite 
the other side; that is, if a and*b be the sides, and A and B the 
angles opposite them: 





Law of sines. 


In a triangle, the square of any side is equal to the sum of the 
squares of the other two sides minus twice their product times the 
cosine of the included angle; or if a, b, and c, be the sides and 
the angle opposite side a, be denoted A, then: 


a?=b?+c?—2 be cos A Law of cosines. 


from which a = V b?+c? —2 be cos A. 


The Right Triangle—The process of “solving” a triangle 
consists in finding the parts not given. 


In any triangle there are six parts: 
1. Three sides; 
2. Three angles. 
The sides are denoted by italic letters as 
у а b с 
and the angles opposite these sides by capital letters as 
А .В С 


This arrangement of symbols is shown in fig. 315. 

Any triangle can be solved if three parts, of which one is a side 
be given. 

Since in a right triangle the right angle is a part of it, a 
right triangle requires only two additional parts for solution—two 
sides; or one side and an acute angle. 
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For convenience in solving triangles the formulae should be 
arranged in tabular form so that any formula to be used can 


be quickly selected as here given: 


In fig. 315, 
й а b 
‘sin =. cos Е 
tan Ф=р cot ¢=— 





А: 
Fic. 315.—Symbols used to denote sides and angles of a triangle. 
= cosec ф © 
sec == 225 
$ Б = 
Z C290? ZA4- ZB4- ZC —180? 
а? =с? —Ъ? b?=c? —a? 


c?=a?+b? 
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To solve a triangle apply the following rule: 


Rule.—Select a formula containing two of the given partis sub- 
stituting the given values to find a third part. Continue this 
process until all the parts are found. 

Choose the shortest way to solve a triangle. 


Example 1.—Тће hypotenuse of a right triangle is 1.4142 and one of 
the sides is 1. Find the remaining parts. 


A 


fac. 316.— Triangle for example 1. 





In fig. 316, 


1 





б а 
Е Е 


1.4142)1.0000000(.7071 
98994 


100600 
98994 
16060 
14142 
1918 
that is sin A =.7071 
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This is the natural function and the angle corresponding is 
given in the table on page 244, and here reproduced in part. 
Accordingly, to find the angle where sin=.7071 consult the 
table, which gives the angle A as 45°. 


A2 
43 
44 
45 


Natural Trigonometrical Functions. 











\ NATURAL SINE OF 45° AN 
ANGLE eus 


Solving for the other parts 
ZA+ ZB+ ZC =180° 
but C=90°. Hence, substituting 


B--454-90 2180 
В =180 – (45 90) 
‚ В=45° 


Solving for с 
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or b=ccosA 
=1.4142 cos A 
cos A=cos 45° =.7071 
Substituting 
b —1.4142x .7071 
` = .999981 


being a close approximation of 1 by the four place table. 


Example 2.—Solve by logarithms a triangle whose hypotenuse is 
47.653 and a side 21.34, 





АЗ 


Fic. 317.— Triangle for example 2. 


C 


In the solution which follows, the logarithms should be obtained from a 
table of logarithms of trigonometric functions to each minute. 
In fig. 317. а 
sin A == 
c 


log sin A =log a —log ¢ 
log 21.34 =1.32919 
log 47.653 = 1.67809 


log sin A =9.65110 —10 


у 
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A=26° 36/14” 
cos A= b 
C 


у log b=log c+log cos A 
log 47.653 = 1.67809 . 
log cos 26? 36' 14" 29.95140 —10 
log b = 1.62949 


b =42.608 





A € D B б А 


Fic. 318 to 320.—Various oblique triangles. 


The Oblique Triangle.—Although oblique triangles may. be 
‘solved by the use of right triangles, this method is sometimes 
awkward and the solution is rendered more simple with the 
special formulae here given. 

In figs. 318 to 320 let fall the L CD and call it k. 


Then in fig. 318, р 
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ч h 
sin A= 
in fig. 319, ; h 
sin A=sin (180° -A) => 


and in fig. 320, 
sin B = (180° -- B) -i 


By division 











не оа 
SinB b'a b^h b 
Similarly 
Sin B о 
SinC c 
ang SinC c 
SinA a 


Evidently these formulae are used for the solution of tri- 
angles having given 


1. One side and two angles, or 

2. Two sides and an angle opposite one of them. 
The formulae taking the form | 

sin A 

sin B ^ 


еїс. 5 





a= 


Example 3.—Solve the oblique triangle in which is given 
2 —36.738R. A=36° 55’ 54”, B=72° 5’ 56” ws =. 
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In fig. 321, 
C=180°— (A+B) =180°—109° 17.50” =70° 58’ 10” 
| To find b То йпа с 
b_sin B с sin C 
a sinA 








Fic. 321.— Triangle for example 3. 





Fic. 322.—Triangle for example 4. 
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пора =1.56512 пора =1.56512 
log sin B 29.97845 —10 log sin C 29.97559 — 10 
colog зїп А «0.22123 . .. cologsin A —0.22123 
log b 21.76480 108 с=1.76194 
b=58.184 c=57.80 


Example 4.—Solve the oblique triangle in which is given 
а =23.203 5 235.121, A —36? 8' 10" 


In fig. 322, 
To find B and B' To find c and c' 
sin B b € sinC 
sin A a a sin A 
log b = 1.54556 log a = 1.36555 
log sin A =9.77064— 10 log sin C =9.99421—10 - 
colog a 28.63445 —10 colog sin A 20.22936 
log sin B =9.95065 — 10 log c=1.58912 
B=63° 12’ с=38.825 
B’=180°—B =116° 48’ 
loga=1.36555 | 
To find C and C’ log sin C’ =9.65800—10 
C 2180? — (A - B) 2 80? 39' 50” colog sin A =0.22936 
C’=180°—(A+B’) =27° 3’ 50” log c’ =1.25291 
c' 217.902 


Trigonometric Formulae.—A tabulation of the various for- 
mulae used is here given in convenient form for reference. 
The relations are deduced from the properties of similar tri- 
angles. Radius=1. 


sin A 
cos A’ 





cos À : ѕіп А :: 1 : tan A, whence tan A= 


cos A, 
sin А’ 





sin A: cos A :: 1: cot A, whence cotan A= 


cosA:1 =: 1:зес А, whence secA= 





cos A’ 
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sinA:1 ::1:cosec A, whence cosec A "ТА 
tan A:1 ::1:cotA, whence tan A= 
Functions of the Sum and Difference of Two Angles 
sin (A+B) =sin A cos B-++cos А за В 
cos (A+B) =cos A cos B—sin A sin B 
sin (A—B) =sin A cos B—cos А зщ В 
cos (A—B)=cos A cos B-+sin A sin B 


By addition and subtraction the following equations are ob. 
tained from these formulae. 
зш (А-В) {зщ (А-В) =2 sin A cosB 
sin (A+B) —sin (A — B) 22 cos A sin B 
- cos (A+B)-+cos (A —B) =2 cos A cos B 
cos (A ЕЮ —cos (A+B) =2sin A sin B 


зіп A—sin B. 2 cos Hh (A+B) sin 4 е В) {ап А (А — —В) 


cos A+cos B D OS 16 (A4-B) cos 15 (A — B) _cot 44 (A+B) 
соз В сов А 2sin V6 (A--B) sin 14 (A — B) Stan (А-В) 


sin (A+B) _tan A+tan B 
зт (А-В) tan A—tanB 














sin (A+B) ап A-Ftan B 
————— — =tan A+tan B = ыы 
cos A cos B ana an > — {ап А tan B 
sin (A-B) tan A —tan B бап (А-В) = tan A~tan B 
cos A cos B 1-Нап A tan B 
| cos (E) anA nB cot (A+B) = cot A.cot B~1 


cos A cos B cot B+cot A | 
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cos (A—B) _ _p,_cot A cot B+1 
cos A cos Вава в cot B—cot A 


Functions of twice an angle 


sin 2A =2 sin A cos A у 
2{апА ^ cos 2A =cos? A—sin? A 





= А «€ cot 2A = 00 А1 
2cotA 
Functions of half an angle 
са МА = ea 08 A cos е 


1—cos A l+cos A 
‚МА= тешз СИА = Е 
о «А eoe od i ima 
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TEST QUESTIONS 


. Of what does trigonometry treat? 

. How are angles measured? 

. How many parts has a triangle? 

. What is the difference between the complement and the 


supplement of an angle? 


. Nametwo ways of expressing trigonometrical functions? 

. Define sine and versed sine of an angle? 

. Explain fully how the natural functions are obtained. 

. Why is the value of a function positive or negative? * 
. Give formule for the functions of the supplement of 


an angle. 


. Give the law of sines and the law of cosines. 

. Of what does the process of solving a triangle consist? 
. What must be given in order to solve a triangle? 

. Give the formule used in the solution of triangles. 

. The hypotenuse of a right triangle is 1.4142 and one 


of the sides is 1. Find the remaining parts. 


. Solve by logarithms a triangle whose hypotenuse is 


47.653 and a side 21.34. 


. Can oblique triangles always be conveniently solved by 


the use of right triangles? 


. Solve the oblique triangle in which is given a — 36.738, 


A — 36? 55! 54", B. — 72? 5' 56", 


. Given a 2 23.203, ВЕ 35. 121, A=36° 8’ 10”; solve. 

. How are trigonometrical formule deduced? 

. Give functions for sum and difference of two angles. 
. Give formule obtained by addition and subtraction. 
. Give formule for functions of twice an angle. 

. Give formula for functions of half an angle. 
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CHAPTER 11 


Algebra 


Algebra is that branch of maihematics in which letters, signs 
and figures are used in making calculations instead of only signs 
and figures as tn arithmetic. 


By the aid of algebra it is possible to express obscure or involved quan- 
tities which are set down as equations and the problem solved by treating 
the equations according to certain definite rules. 


Success in solving equations involves a knowledge af the mean- 
ing of the various parts which make up the equation so that it can 
be properly "handled" or manipulated. 


Symbols.—Letters of the alphabet are used {0 represent 
quantities in algebraic equations. It is usual to represent known 
quantities by the first three letters of the alphabet аз а, b, c, 
and unknown quantities by the last letters as, x, y, 2. 


NOTE.—Algebra. Note the following divisions. Boolian or logical algebra. A method of 
dealing with concepts of logic by means of algebraic symbols and operations.—double a., that 
form of algebra in which the symbols indicate lines, their lengths and their directions. —graphic 
a., algebra in which curves are used to express the relations of quantities; multiple or n- way a., 
that algebra in which heterogeneous units are combined and multiplied; pure a, algebra in 
which all the units are definitely related; rhetoricala., the discussion of problems by algebraic 
methods, but in ordinary language; algebra without notation.—universal «.—a method of 
reasoning by symbols, of which the general definitions may be applied to any process of ad- 
dition and others to any process of multiplication; multiple units treated algebraically. 
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Signs.—These are characters indicating the relation of quan- 
tities, or an operation performed upon them. 
Thus, as in arithmetic 


+ (plus), sign of addition. 

— (minus), sign of subtraction. 
X (times), sign of multiplication. 
+ (divided by), sign of division. 
= (equals), sign of equality. 

< (is less than) 

> (is greater than) 


^ (difference of two quantities). Thus a ~b denotes that the difference 
of the quantities a and b is tọ be found. 
' 


() parentheses. Thus: (a —5) x indicates that the quantity obtained by 
subtracting b from a is to be multiplied by x. 


--- (continuation). Read: “апа so on.” 
-. (therefore). 
——— (vinculum), thus: a--P X y, same as (a+b) y. 


чата of inequality. 


м ~~ (radical). Indicates that a root of the number to which it is pre- 
fixed is to be extracted. 


+ plus or minus. 


Since the signs just given have exactly the same meaning 
as in arithmetic, no further explanation is necessary. 


Coefficient. This is a number prefixed to a quantity to 
denote how many times the quantity is to be taken. Thus: 
Зау means ay+ay-+ay. | 


Exponent.—A small figure called an exponent is placed to 
the right of and slightly above a numeral or mathematical 
symbol, to denote the power to which the magnitude is to be 
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raised. Thus: x? (x square) means xxx. Hence, the ex- 
ponent indicates the number of times the quantity is to be taken 
as a factor. 


Algebraic Expressions.—Any combination of algebraic sym- 
bols, coefficients and signs, as 2ax--4by is known as an ex- 
pression. 


A term of an algebraic expression is any combination or symbols. and 
coefficients not separated by a sign. 


Thus, in the expression 2ax 4-45y, the terms are 2ax and 4by. 
'There are numerous kinds of expressions. Thus: 
x+y (two term) binomial expression 
a+x-+y (three term) trinomial expression 


Similar or like terms are those which differ only in their 
numerical coefficients. Thus: 


4ау бау? 


Dissimilar or unlike terms are those which are not similar. 
‘hus: 
4axy?+2ax?y 


The degree of a term is the number of literal factors which 
it contains. Thus: 


2a is of the first degree, since it contains but one literal factor; 
ab is of the second degree, since it contains two literal factors; 
За? is of the fifth degree, since it contains five literal factors. 


Homogeneous terms are those of .the same degree. 
Thus: 3abx and y? 
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Addition 


In algebra the process of collecting the terms of an expression 
into an equivalent expression is called addition. It involves the 
collection of both positive and negative quantities. 

Addition may be divided into three cases: 





1. Like terms with the same sign; 
2. Like terms with different signs; 
3. Unlike terms. 


Case 1.—Like terms with.the same sign. 


Rule.— Add the numerical coefficients, prefix the common sign, 
and annex the common letters. 


Ехатре. — Ада гах-3ах +12ах 


гах 
Зах 
12ах 


17ах 
Here it is not necessarv to prefix the common sign to the 
answer, as in the absence of any sign, + zs understood. 


Example.-—Add —2ax —3 ax —12ax 


— 2ax 
— Зах 
è —12ах 
—17ах 


Note the minus sign is prefixed to the answer. 








Case 2.—Like terms with different signs. 


Here it is necessary to distinguish between quantities whick 
are the exact opposite of each other in condition or quality.. 
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Thus on the thermometer scale, temperatures above zero are + tempera- 
tures, and below zero, — temperatures. 


Adding a negative quantity is equivalent to subtracting a posi- 
live quantity of the same absolute value. 


Thus: 
х+(—у) 


х—у 


is the same as 


| Rule.—Swbtract the less coefficient from the greater; affix the 
common symbols and prefix the sign of the greater coefficient. 


Example.—Add 2x — 12x 








—12x 
2x 
— 10x 
Example.—Add 2x — 4x4-3x — 10x. 
Ist step 2nd step’ 
2х— 4х — 14х 
3x --10x 5x 
5x —l4x — 9x 


Case 3.— Unlike terms. 


Rule.— Add together the terms which are like terms by the rule 
in the second case, and put down the other terms each preceded 


by its proper sign. 
Example.—Add 2x+3y—8z, 10y—3x+2z, 3x+2—y. 
2x4- 3y —8z 
—3x+10y+2z 
3x— y +2 


2x4-12y —6z 4-2 
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Subtraction 


This is the process of taking one quantity from another. 


The subtrahend is the quantity to be subtracted. 
The minuend is the quantity from which it is to be subtracted. 


The remainder is the result of the operation. 


Rule.—Change the sign of the subtrahend and add the result 
to the minuend. 


Example.—Subtract 7a from 10а. 
Here Та is the subtrahend and 10a the minuend. 


10a 
— Ta 
3a 





Example.—Subtract —7a from 10a. 


Changing sign of subtrahend—7a becumes +7a, hence 
10a 
ata 
17a 

Example.—Subtract 5x*y — Заб +'т from 3x*y—2ab+4n. 


Changing the sign of each term of the subtrehend and adding the result 
to the minuend, 
3x?y — 2ab 4-4n 
—baty --3ab — т? 
—2x!y-F ab+4n—m? 


Parentheses and Brackets 


In algebra the parentheses are very frequently used and 
accordingly it is important to know the rules respecting them. 
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Rule.—When an expression within parentheses is preceded by 
ithe sign + the parentheses may be removed. 


Thus ¢+(b—c) 
is the same as 
a4-b —c 


Rule.—When an expression within parentheses ts preceded by 
the sign — the parentheses may be removed if the sign of every 
term within the parentheses be changed. 


Thus: the expression 
a—(b—c) 
indicates that the quantity b—c is to be subtracted from a. 


Accordingly applying the rule, the quantity 
a—(b—c) 
is the same as 
a—b+e 


Rule.—Any number of lerms in an expression may be put 
within parentheses and the sign + placed before the whole, 


Rule.—Any number of terms in an expression may be pul 
within parentheses and the sign — placed before the whole, pro- 
vided the sign of every term within the parentheses be changed. 

It is often convenient to put two or more terms within 
brackets. 

Brackets have the same meaning as parentheses but are 
used for complicated expressions, for instance: 


(x-3)+a (y—4) 


75 — 8x (a — b) 


— 23 
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Multiplication 
Algebraic multiplication involves three cases, as in multi- 
plying: 
1. A single term by a single term. 
2. An expression by a single term. 
3. An expression by an expression. 
Preliminary to considering these three cases, a clear under- 
standing should be had of the Rules of Signs which follow. 
Rule.—Positive x positive = positive. 
Thus (+1) X(+1)=+1 


Rule.—Negative x negative = positive. 


Thus (-1)x(—1)241 


Rule.-——Positive x negative = negative. 


Thus (-1) X(—1) 2 —1 
Case 1.—A single term by a single term. 


Rule.—Multiply the coefficients and affix the symbols. Make 
the product + when the factors have the same sign and ~ when 
they have different signs. 

Example.—Mvultiply 2a by 3b 
2a X3b =6eb. 
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Example.—Multiply —2a by ЗЬ. 
(—2а) х (+35) = —6ab 


_ Law of Exponents.—To multiply two like quantities having 
exponents add the exponents. 


Case 1.—A single term by a single term. 
Example.—Multiply x? by x5. 


xt xxi mati ux 
Case 2.—8S7ngle lerms with fractional exponents. 


Rule.— n a fractional exponent the numerator denotes a power 
and the denominator a root. 


Example.—x% =°Vx?_ 
Case 3.—An expression by a single term. 


Rule.—Multiply each term of the multiplicand by the multi- 
plier, and connect the products with the proper signs. 
Example.—Multiply а +06 Ъу 2х. 


a+b 
2x 


2ax+2bx 
Example.—Multiply a+b—c by —2x. 


a+b-—c 
—2х 
—2ax —2bx --2cx 


Case 4.— An expression by an expression. 


Rule.—Multiply each term of the multiplicand by each term of 
the multiplier; if the terms have the same sign, prefix the sign + 
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to the product; if they have different signs, prefix the sign —; 
then collect these results to form the complete product. 
Example.—Multiply M+S by M+S. 
M+S 
M+S 
Multiplying each term by M gives M?+M S 
Multiplying each term by S gives _ M S+ẸŪ 
Adding terms gives M?+2 M S49 
This is shown graphically in fig. 323. 


S M 





Fic. 323,—Diagram illustrating the product obtained by multiplying M+S by M+S. 


Example.—Multiply —x—x'+1+2? by x+1. 
It is convenient to have both multiplicand and multiplier arranged in 
the same order of powers, and to write the partial products in the same 


order. 
Arranging the expressions according to the ascending powers of x, thus, 
1—х-+Ех%—-х% 
1+1 


i-xctY-x 
r—a rt 
арака 
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Division 


The process of division is somewhat more difficult to explain 
and understand than the foregoing operations, and accordingly 
division should be studied and thoroughly understood by the 
student. 

ivision is the reverse of multiplication; that is, in multipli- 
cation the product of given factors is to be determined; in 
division the product and one of the factors is given to deter- 
mine the other factor. 

There are three cases, as, in dividing: 


1. One single term by another. 


2. An expression by a single term. 
3. An expression by another expression. 


Law ot Signs.—Since the dividend is the product of the di- 
visor and quotient, it follows that 


When divisor is ++ and dividend +, then quotient is + 
= = + 


Rule.— Like signs produce +; unlike signs —. 


Rule.— Write the dividend over the divisor with a line between 
them; tf the expressions have common factors, remove the common 
factors; prefix the sign + if the expressions have the same sign, 
and the sign — if they have different signs. One power of any 
quantity ts divided by another power of the same quantity by sub- 
tracting the index of the latter power from the index of the former. 


и аа, se 
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Case 1.—One single term by another. 
Example.—Divide 12ab by 2a. 


12ab 
пл” 
Example.—Divide a* by a?. 
at = ад = 2 =q? 
а? 


Case 2.—An expression by a single term. 


Rule.— Divide each term of the dividend by the divisor, by the 
rule in Case 1, and collect the results with their broper signs, to 
form the complete quotient. 


Example.--Divide 12ab-F6a*bc—3a?bc by —3a 
12a3b J-6a?bc — 3atbc 


Зал - —4ab —2bc --bc— — 4ab — be 


Case 3.—An expression by another expression. 


Rule.—1. Arrange both dividend and divisor according to as- 
cending powers of some common letter, or both according to de- 
scending powers of some common letter. 2. Divide the Jirst term 
of the dividend by the first term of the divisor, and put the result 
Jor the first term of the quotient. 3. Multiply the whole divisor 
by this term and subtract the product from the dividend. 4. То 
the remainder join as many terms of the dividend, taken in order, 
as may be required, and repeat the whole operation. 5. Continue 
the process until all the terms of the dividend have been taken down. 


Example.—Divide m?-+2ms-+-s? by m-+s. 
m- sym? --2ms --s?(m 4-s 
m?--ms 
ms-+-s? 
ms+s? 
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Example.—Divide 3 а'—10 23 4-22 25 – 22а B +15 bt by a —2 ab +3 3 
@ —2 ab+-3 62 )3а“— 1024% --222%ђ2 — 22263 + 1564 (За2 · - 4ab +502 
Заг— ба%+-+ Garb? 
—4 atb 4- 13a*b* — 22ab* 
—44%+ Ва —1225 
5a?b* — 10ab: 4-155* 
5a*b? — 10ab3 +1554 








The importance of arranging both divisor and dividend ac- 
cording to the same order of some common letter will be seen 
by attempting to do the above example with the terms arranged 
without regard to order. 


Factoring 


Factoring is the process of finding what expressions will divide 
а given expression; that is, the process of resolving an expression 
into its factors. 
Example.—Factor the expression a? +3a. 
Since each term contains a, divide by a, thus: 
а)аз--За 
а +3 
that is a? 4-3a - a(a* 4-3) 





The student should note very carefully the following: 
1. x8—y® is divisible by x—y if n be any whole number. 
2. x^ — y? is divisible by x+y if m be any even whole number. 
3. x"+y" is divisible by x+y if n be any odd whole number. 


4. x! -- y^ is never divisible by x--y or x-—y, when n is an even whole 
vumber. 
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As an example in the use of the above items consider the 
expression x' — y". Is it divisible by x—y or x+y? 


The index 7 is an odd whole number, and the simplest case of this kind 
is x—y, which is divisible by x—y, but not by x+y. Accordingly x7—y? 
is divisible by x—y and not by x+y. 


Again take x*— y*, the index 8 is an even whole number, and the simplest 
case of this kind is x?— 52, which is divisible both by x—y and x+y; hence 
x8—y* is divisible both by x—y and x+y. 


Equations 


An equation is a proposition expressed usually by the symbol 
(2) denoting the equality of two quantities, that is, an equation 
as the expression of the equality of two things. 


Thus x=y indicates that whatever value be given to x is equal tc what- 
rever value be given to y. 


‘The expressions on either side of the = symbol are called the sides or 
‘members of the equation. 


' An identical equation is one in which the two sides are equal whatever 
-numbers the symbols represent. An equation of condition is one which 
-ig not true whatever numbers the symbols represent, but only when the 
symbols represent some particular number or numbers. Thus 10—x=3 
.cannot ‘be true unless x=7. 


A letter to which a particular value or values must be given in order 
‘that the statement contained in an equation may be true is called an un- 
. known quantity. Such particular value of the unknown quantity is said 
‘to satisfy ‘the equation, and is called a root of the equation. To solve an 
.equation is to find the root or roots. 


‘In the solution of equations the following axioms should be 
“noted: 


‘1. 'If- equal. quantities be added to equal quantities, the sums will be 
equal. 





ah -- ТА E ae ie) 
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2. If equal quantities be subtracted from equa] quantities, the re- 
mainders will be equal. 


3. If equal quantities be multiplied by equal quantities, the products | 
will be equal. 


4. If equal quantities be divided by equal quantities, the quotients will 
be equal. 


5. If the same quantity be both added to and subtracted from another, 
the value of the latter will not be changed. 


6. If a quantity be both multiplied and divided by another, the value 
of the former will not be changed. 


7. Quantities which are equal to the saine quantity are equal to each 
other. ' 


Equations may be classed as 
1. Simple; 

2. Simultaneous; 

3. Quadratic. 


Simple Equations.—An equation that contains the first power 
of the unknown quantity or quantities axy and no higher 
power is called a szmple equation. "This is an equation of the 
first degree. 

The solution of equations will present no difficulty if the 
following general rule be remembered and applied. 


General Rule.—Whatever be done to one side of an equation 
must be done to the other side in order not io destroy the equality. 


Thus in the equation x-+3=y adding 6 to both sides gives 
x+3=y 
6 6 


х+9=у+6 


that is 
x+3=y is the same as x+-9=7+6 
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The following examples will illustrate methods used in 
“handling” or solving equations. 


1. Transposition 
a. Single; 
b. Double. 


Example.—Solve the equation x+3a=2c. 


Rule.—Any “term may be transposed from one side. )f an 
equation to the other by changing tts sign. 
Accordingly, 
х-+3За=2с 
х=2с—3а 
this is evident from the following: 
Subtract 3 a from both sides of the equation, thus: 


х+За =2с 
—3a —3a 
x =2<—3а 


Example.—Solve the equation 3x—2=x+19. 


Single Transposition. ` Double Transposition 
3x—x=19+2 x+19=3x—2 lst transposition 
x—3x= —2—19 2nd transposition 
2х=21 —2х= —21 
х=10и | х=10% 


2. Clearing of fractions. 


Rule 1.— Dívide the least common multiple by the denominator 
of each term of ihe equation and multiply the quotient by the 
numerator of the term. 


Example.—Solve the equation ХЕЗ -2$ 
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The least common multiple of the denominators is 24. 


Dividing least common multiple by denominators and multiplying quo- 
tients by numerators: 


8х—18=16х—9 
Transposing (double transposition): 
16х—9 =8х—18 
16х—8х =9 —18 
8x2 -—9 
x=-1 


Rule 2.—Multiply each term of the equation by the least com- 
mon multiple. 
- Example.—Solve the equation 1 23 eae 
The least common multiple of the denominators is 24. 
Multiplying numerators by least common multiple: 


Dix T2 9x 72 


а. вв 
Clearing of fractions: 
8х—18=16х—9 
Collecting and transposing: 
—9=8x, that is 
8х=—9 
х=—1% 


Simple Equation Problems 


The usefulness of algebra is clearly seen in its application 
to the solution of problems. In these problems, certain quan- 
tities are given and another called the unknown quantity. The 
latter, which is represented by one of the last letters of the 
alphabet, is to be determined, the solution being possible be- 
cause of the relation of the unknown to the known quantities. 
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It is not possible to give general rules for the solution of such 
problems and the student must rely on his ingenuity. 


The following hints will be found helpful: 


1. Express the unknown quantity, or one of the unknown quantities, 
by one of the final letters of the alphabet. 


2. From the given conditions, find expressions for the other unknown 
quantities, if any, in the problem. 


3. Form an equation in accordance with the conditions of the problem. 
4. Solve the equation thus formed. 


Problem.—The sum of two numbers is 475 and their difference 23, 
find the numbers. 


Let x denote the smaller number. Since the difference of the two num- 
bers is 23, then: 


x+23 =the greater number 


Also since the sum of the two numbers is 475 then 
x+(x+23) =475 
.2х-+23 =475 
2x =452 ; 
x —226 the smaller number | 
х +23 = 249 the greater number. 
Problem.—Stevens is three times as old as Gilbert and eight years ago 
Stevens was seven times as old as Gilbert. What are their ages at present? 
Let x =Gilbert’s age 
Then 3x = Stevens’ age 
x—8=Gilbert’s age 8 years ago 
also 3x —8 = Stevens’ age 8 years ago. : ; 


According to the relation between ages: 
3х—8 =7 (х—8) 
Зх --& = 7х —56 
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Transposing and collecting: 


—4х = —48 
х= 12 
That is, Gilbert’s present age (x) is 12 yrs. and Stevens’ age (3x) 3X12 


=36 yrs. 


Indeterminate Equations.—When a simple equation con- 
tains two unknown quantities it is impossible to determine the 
value of the unknown quantitics definitely because if any value 
be assumed for one of the unknown quantities there can be 
found a value corresponding for the other unknown quantity. 


Simultaneous Equations.—Two separate equations consid- 
ered together are called simultaneous equations when they rep- 
resent simultaneous relations between the unknown quantities. 

The solution of simultaneous equations is important, and 
the student should practice on this subject until he is thor- 
oughly familiar with the methods employed. 

Simultaneous equations are solved by elimination of one of 
the unknown quantities. This may be done by: 


. Addition; 

. subtraction; a 
. Substitution; d 
. Comparison. 


Ф со М н 


The following will illustrate the solution of simultaneous 
equations by these methods: | 


1. By Addition. 


Example.—Solve the simultaneous equations: 


в ee eee (2) L T 
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By addition, 
xty= 7 
3x—y=13 
4х =20 
х= 5 
Substituting this value of x in equation (1), 
5+у=7 
у=7—5=2 


2. By Subtraction. 


Example.—Solve the equations: 


Е о осо мы (1) 
Зу ат (2) 
Multiply equation (2) by — (minus) and subtract. 
| xty= 7 
—3x+y = —13 
By subtraction, 4х=20 
х= 5 
Substituting this value of x in equation (1), 
5+y=7 
y=7-5=2 


3. By Substitution. 


Example.—Solve the equations: 


Substituting this value of y in equation (2), 
3x —(7—x) =13 
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Removing parentheses, 
3x —7--x 213 


Transposing and collecting, 
4x =20 
х= 5 


Substituting this value of x in equation (3), 
у=7—5=2 


4. By comparison. 


Rule.—Find the value of the same unknown from each of the 
fwo given equations and set these values equal to each other. 


Example.—Solve by comparison the equations: 


Te Prec seres et e I et ceo hart RP Te SHENAE OE avert (1) 
SX iy med See АСИ ЫЕ ЛЫ Rom MS M RT a (2) 
Find the value of y in each equation. 
YSN УОЛУ бо ОМС (3) 
ВЗ (4) 


Equating equations (3 and 5): 


7—x- —1343x 
—4х = —20 
х= 5 


Substituting this value of x in equation (1), 
5+y=7 
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Simultaneous Equation Problems 
(twn unknown quantities у 


Problem.—A railway train after traveling an hour is detained 24 min- 

utes, after which it proceeds at six-fifths of its former rate, and arrives 

. 15 minutes late. If the detention had taken place 5 miles further on, 

the train would have arrived 2 minutes later than it did. Find the original 
rate of speed of the train, and the distance traveled. 


Let 5x =original speed of train 


y =total distance traveled. 
Then will . 
y — 5x « distance to go after detention. 


Thus remaining distance at the original speed would consume 


y—5x 


5x 





hours 


and at the increased rate of speed it would take 


325x hours 
6x 


Since the train is detained 24 minutes, and yet is only 15 minutes late 
at its arrival, it follows that the remainder of the journey is performed in 
9 minutes less than it would have been if the rate had not been increased. 


9 minutes is E of an hour, therefore 


If the detention had taken place 5 miles further on, there would have 
been y—5x —5 miles left to be traveled. Thus, 
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Subtract (2) from (1), thus: 


Substitute this value of x in (1) and it will be found by solving the 
equation that y=474. К 
Problem.—Gilbert and Steven weigh together 230 Ibs. and twice 
Steven's weight is 60 lbs. more than 3 times Gilbert’s weight. Find the 
weight of each. 
Let x=Steven’s weight 


y=Gilbert’s “ 
Then, weight of Steven and Gilbert together is 
Е О) 
Since twice Steven’s weight is 6) Is. more than 3 times Gilbert’s weight 
2:60 = Зуи e dA ETE а: (2) 


The two equations (1) and (2) represent the conditions of the problem, 
Multiply (1) by 3 and transpose in (2) 
3x+3 y =690 
2х—Зу= 60 
By addition 5x = 750 
x=150 Ibs. (Steven’s weight) 
Substituting the vaiue of x in equation (1) 
150 +y = 230 158. 
y =230—150 =80 lbs. (Gilbert’s weight) 


Quadratic Equations 


A quadratic equation is one which contains the square of the 
unknown quantity but no higher power. 
There are two kinds of quadratic equations: 


l. Pure: 2. Adfected. 
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A pure quadratic equation is one which contains only the 
square of the unknown quantity, as for instance 2 x?=50, 

An adfected quadratic equation is one which contains the first 
power of the unknown quantity as well as its square, as for 
instance 2x? —7x 4-3 20. 


A pure quadratic is easily solved but in an equation such as 
4x? 4-8x — 12 


it is necessary to find some way of grouping x? and x together 
which will give a single term in x, when the square root of both 
sides is taken. The process is indicated in the rule which fol- 
lows for completing the square in x. 


Rule.—1. Group all the terms in x* and x on one side of the 
equation alone, placing the terms containing x* first. 2. Divide 
through by the coefficient of x. 3. Add to both sides of the equa- 
tion the square of one half of the coefficient of the x term. 4. Take 
the square root of both sides (the left hand side being a perfect 
square). Then solve as for a simple equation in x. 


Example.—Solve the equation x?—10 x+24=0. 
Applying the rule just given: | 


1. Group all the x? and x terms on one side of the equation alone, placing 
those in x? first, that is by transposition 


—10 x= —24 
2. Coefficient of x? being 1 in this example no division is necessary. 
3. Add to both sides the square of one half the coefficient of the x term. 
The coefficient of the x term is 10 and the square of half the coefficieny 


is (22) 
2J. 
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2 2 

10 10 

з рее z> 
х%— 10х+ =) u+( 2) 


x* —10x 4-25 — —24 4-25 


The left hand side of the equation has now been made into a perfect 
square. 


4. Take the square root of both sides. 





х-5= +1 
transposing 

х=5+1 
that is 

x=6 or 4. 


Points on Quadratic Equations.—1. Every quadratic equation can 
be put in the form x?+px+q¢=0, where р and q represent some known 
numbers, whole or fractional, positive or negative. 


2. A quadratic equation cannot have more than two roots. 


3. When the terms are all on one side, and the coefficient of the square 
of the unknown quantity is unity, the sum of the roots is equal to the co- 
efficient of the second term with its sign changed, and the product of 
the roots is equal to the last term. 


Problem.—Find two numbers such that their sum is 15, and their 
product is 54. 


Let x zone of the numbers 


then 
15—x =the other 
and by supposition т 
х (15—х)=54 
By transposition 
%#—15х=—54 


therefore 


2 2 


taking the square root of both sides 


à 15-3 
107 > 


areal gr ae ae p————Á э ааа, 
А у : ^ , x 
1 
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a rn ce 
therefore 
ў 15 3 
= => 9 огб. 
If x «9 
15-х=6 
If x 26 
15—х=9 


Thus the two numbers are 6 and 9. Here although the quadratic equa- 
tion gives two values of x, yet there is really only one solution of the . 
problem. 


Oo ONAN > 


16. 


7 
18. 


19. 
20. 
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TEST QUESTIONS 


. What is the difference between a symbol and a sign! 
. Give the various signs used in algebra. 
. What is the difference between a coefficient and an 


exponent? 


. Give examples of binomial and trinomial expressions. 
. What is the degree of a term? | 

. Give example of homogeneous terms. 

. Name the three cases in addition. 

. What is a rule for adding a negative quantity? 

. Give the rule for subtraction. 

. Subtract 5 x*y —3ab-4-m? from 3 xty —2 ab--4 n. 

11. 
122 
13. 
14. 
15. 


Give rule for removing parentheses. 
Multiply — 2a by 3b. 

Multiply M+S by M+S. 

What are the rules of division? 


Give axioms upon which the solution of equations 
depends. 


Explain the methods of single and double transposi- 
tion in solving equations. 


Solve the equation 3x- 2=x+19. 


The sum of two numbers is 475 and their difference 
23; find the numbers. 


What are simultaneous equations? 
Solve the equations x+y=7 and 3x—y=13. 
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21. What is a quadratic equation? 

22. What is the difference between a pure and an adfected 
equation? ` i: 

23. Give a few points on quadratic equations. 
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CHAPTER 12 


Calculus 


In higher mathematics, calculus is a method of calculating 
which consists in the investigation of the infinitesimal changes of 
quantities when the relations between the quantities are known. 

There are two divisions of the subject known as: 

1. Differential calculus; 

2. Integral calculus. 

One is the exact opposite of the other. 

Differential calculus has to do with the division of a quantity 
into infinitesimal small paris, whereas integral calculus con- 
siders the addition of these small parts to produce the quantity. 

The process employed in these two branches of calculus is 
called respectively: 

1. Differentiation; 


2. Integration. 


Differential Calculus 


In fig. 324 take a line and divide it into such a large num- 
ber of parts that each one of these parts is infinitesimally 
small. Calling the length of the line x, the length of'one of 
the infinitesimally small parts is represented by the expression 

Ax or 6x or more frequently dx 


which is called the differential of the line x. 
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In fig. 324 only one dimension was considered,-—length. 
Differentiation may also be applied to areas and volumes. 


Thus in fig. 325 let L be a square having sides of the length x. 


Now suppose the length of each side be increased by an infinitesimally 
small amount dx shown greatly exaggerated in the figure. ` This wiil give 
a new and larger square, made up of 


old square L+strip M +strip S+little black square Е. 
The areas of these several parts are 


area old square L =хХх=>= 
“strip M =xdx 
446 4&6 S =xdx 


““ Fttle black square E=dxxdr 





Fic. 324.—Straight line illustrating the differential. 


from which the area of the addition is 
i . | M-+5S-+E =xdx+xdx+ax? 
=2 xdx+dx? 


In figs. 326 to 328 it will be noted that the smaller dx becomes, 
the smaller in more rapid proportion does dx? the area of the little 
black square E, become. 


In fact the area of the little black square E decreases so much more 


rapidly than the strips M and S, that it may be disregarded. 


Thus by increasing the length of the sides x of the square L in fig. 325 
by the length dx its area is increased by the quantity 


2xdx 


4 
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that is 
L+M+S=x2 + 2xdx 


If, instead of increasing the sides of the square by dx as in 
fig. 325, they be decreased by dx as in fig. 329, the area of the 
square is reduced by the amount 2xdx. This infinitesimal 
area is equal to the differential of the square. 

From this the rule follows: 


x 





fic. 325.—Square illustrating the differential. Case 1. • 


. Rule.— To find the differential of any power of x, reduce the 
power of x by one, multiply by dx and place before the quantity 
a coefficient which is ihe. same number as the power of x being 
differentiated; thus the differential of x' —7 x* dx. 

By similar investigation it is found that the “differential of” 
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the following quantities, expressed by enclosing the quantity 
in parenthesis, is 

d(x?) =3x2dx 

d(x‘) =4хзах 


The object of differentiating any quantity is to get the value 
of the infinitesimals which make up the quantity. 

Finding the value of the infinitesimal, that is the differential whose 

gradual addition makes the quantity, is the same as finding out the rate 


of growth. That is, differentiation gives the "rate of growth" or accelera- 
tion. ] 


A constant quantity, since it has no rate of change cannot be 
differentiated. Hence, its differential is zero, but if a constant 
quantity such:as 12 be multiplied by a variable quantity such 
as x, the differential of 12x—12 dx, and the differential of 
2x*=2 times 2xdx=4xdx. Also the differential of 

5 2 x1--12 —3 x3 -Axdx 4-0 —9x*dx 
-4xdx —9x'dx 

Two Variables.—Sometimes there are two variable quantities 

dependent upon each other and it is required to find the rate 


of change of one with respect to the rate of change of the other; 
when the rate of change of one is known. 


Take for instance the equation 
x=y+2 
If a definite value be given to one of the variables, a corre- 
sponding value can be found for the other, thus: 
If x=0, then y= -2 
If y=0, x=2 etc. 
Now in fig. 330 draw the line MS through the points x =2 and y= --2, 


» 
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Select any point on the line as A, and another point € very close to A. 
The co-ordinates of the point A will be x and y and of the’ point C 
x+dx 


y+dy 
Hence in the little triangle ABC 

AB=dx 

BC =dy 


and „ 





Fic. 330.--Line corresponding to the equation x= y+2. 


-uns CB 
tan ZBAC-tané 7-4, 777 
Accordingly if either dx or dy and tan ¢ be known the other can be 
found. 


У ду. 4. 
Sometimes tan ф ог E. is expressed by yx and = by ay. 
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To differentiate a fraction take the differential of the numer- 
ator times the denominator minus the differential of the denomi- 
nator times ihe numerator all divided by the square ој the denomi- 


nator. Thus: 
(3) vdu —udv 
dis а а Be 
v у? 


Square Root.—The differential of the square root of a quan- 
tity is equal to the differential of the quantity divided by 2 times 
the square root of the quantity. Thus if 


?—u^, that is, у = vu, d) = Mu du 
24/u 


Miscellaneous.—Formulae for differentiating algebraic func- 
tions are here given for reference: 


КШ 5. d(xy) =x dy+y dx 
x ydx—xdy 
- ovdi c sido 
2. 4(ах) =а dx. Ө, = 
3. d(x+y)=dx+dy 7. d(x») 2 mx» dx 
8. d(/x) 2 — 


4. d(x —y) dx — dy 


Mediate Differentiation.-—This is the process of differentiat- 
ing a variable with respect to some other variable. It is used 
when it is necessary to find the differential of several terms, 
some containing x, and some y. 

To differentiate a variable x with respect to some е vari- 
able y apply the rule which follows. 
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Rule.— Differentiate the expresston first as to x and then mul- 
liply by x, or vice versa. 


Maxima and Minima.—To find the maximum and minimum 
value of x in an equation containing x and y: 


1. Differentiate the equation with reference to y. 
2. Solve for the value of xy. 
(See end of paragraph on Two Variables, page 292.) 


3. Make the result obtained in 2 equal to 0 and then solve 
for the value of y in the resulting equation. 


Example.—To find the value of x which will render the function y a 
maximum or minimum in the equation of the circle y?-+-x?=R?. 


dy x S x : 

dp Xy making zS gives x=0. 

d* »- _ МЕРУ 
у 


The second differential coefficient is —— 


When x =o, y=R; hence Z- TR which being negative, y is a max- 


imum for R positive. 


In applying the rule to practical examples, first find an ex- 
pression for the function which is to be made a maximum or 
minimum. 

If in such expression a constant quantity be found as a factor, it may 
be omitted in the operation; for the product will be a maximum or a mini- 
mum when the variable factor is a maximum or a minimum. 

Any value of the independent variable which renders a function a 
maximum or a minimum will render any power or root of that function : 


a maximum or minimum; hence square both members of an equation to 
free it of radicals before differentiating. 
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Integral Calculus 


In the process of differentiation, a quantity is divided into 
infinitesimal parts, the opposite process is applied in integra- 
tion, that is the infinitesimals are added. Hence integration 
is the opposite of differentiation. By definition, an integral 
is a functional expression derived from a differential. 


An integral is indicated by the sign: 


which is read “the integral of.” 


f^ dx = x4 


is read ‘‘the integral of 4x? dx — x*." 


Consider the line in fig. 324 of indefinite length x, to be made 
up of an infinite number of small parts, as dx. 


For instance: 


The integral of these parts could be expressed as: 
ах +Фах +ах фах.................... 


continued to infinity but the integral sign expresses the same 
thing thus: 
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f 


‘meaning the summation of all the parts which make up the 
line of the length x. 
Now the length x being indefinite and in order to sum up 
any definite portion of the line x it is integrated between limits. 
These limits are placed at the top and bottom of the integral 


sign thus 
: Pa limit 
lower limit 


Thus if the upper limit —-5 and the lower limit 2 it would 


be expressed: 
x=5 
fe 
х=—=2 


These two limits indicate exactly between what two points 
the length of the line is to be determined. 
In order to solve the expression: 


х= x5 
dx =(x) E 
X x=2 


substitute inside of the parentheses the upper limit and sub- 
tract the lower limit, thus: 

х= 5 f 

(x) =5—2-3 pn 


x-2 AU 
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Accordingly 3 is the length of the line between the points 
2 and 5. 

Finding the value of an area involved integrating one quan- 
lity with respect to another. 


The integral 
x=b 
y dx 
x=a 


cannot be easily solved but the expression is simplified by 
replacing the y by some term containing x. This is illustrated 
in the following example. 


Example.—Find the area included between a curve the x axis and the 
ordinates x =a and x =b, 


| b 
| мал 
а 


The value of y in terms of x is found from the given equation and sub- 

) stituted in the formula. The initial value of x is a, and the fina] value b. 

Similarly, the area included between a curve, the Y axis, and the hori. 
zontal lines y=c and y=d is 


d 
агеа =А = J x dy 


с 


where € and d are the limits of. y. 


Example.—Find the area bounded by the parabola y*—4x, the x axis 
and the ordinates x=4 and x=9. 


Fig. 331 shows the area to be found. 
The required area is indicated by the expression ЕЕ 
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9 
A= dye utu ККУ peat A ken й) 
1 у 
Substitute in (1) the value of y in terms of x thus 

y-4x у=2/х 

| .&% 
tee 
~ 





Fic. 331.—Diagram illustrating accompanying example. 


Substituting in /1) 


12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
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TEST QUESTIONS 


. What is calculus? | 
. What is the difference between differential and inte- 


gral calculus? 


. What processes are employed in differential and in- 


tegral calculus? 


. Give an example illustrating differential calculus. 
. Give various symbols used for expressing the differ- 


: ential. 


. lf the sides of a square are decreased by dx how much 


is the area of the square reduced? 


. Give rule for finding the differential of any power 


afe 


. What is the differential of x? and of x*? 

. What is the object of differentiating any quantity? 
10. 
11. 


Can a constant quantity be differentiated? 


What methods are employed in differentiating two 
variables? 


Give rule for differentiating a fraction. 

How is the square root of a quantity differentiated? 
What is the differential of Wu? 

Give formule for differentiating algebraic functions. 
What is mediate differentiation? 

Explain maxima and minima. 

Define integral calculus. 

What does the sign f indicate? 


лз Т 
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20. Explain the process of integral calculus. 

21. How is a variable integrated between limits? 

22. Find the area included between a curve, the x axis 
and the ordinates, i 


23. Find the area bounded by the parabola y*=4x, the 
x axis and the ordinates x=4 andx = 9. 
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Electrical Calculations 


Electrical Calculations 
(Direct Current) 


| 
[SYMBOLS| MEANING OF SYMBOLS | 


_ PRESSURE 
CURRENT = RESISTANCE 
THAT 15 


Ze | МОТО 
AMPERES = ‘оные | 


IPTE ЖЕ 


к=з 





RESISTANCE- PRESSURE | 


AE CURRENT | 
R- | ТНАТ 15 


_ VOLTS 
OHMS = AMPERES 


PRESSURE = 
CURRENT X RESIS TANGE 


THAT IS . 
VOLTS = 
AMPERES X OHMS 


b 


2 Electrical Calculations 


Example.—-A circuit having a resistance of 5 ohms is under a pressure 
of 110 volts. How much current will flow? 


From Ohm's,.law, amperes — volts 4 resistance = 110 + 5 = 22 
amperes. 


Example.—1f the resistance of a circuit be 10 ohms, what voltage is 
necessary for a flow of 20 amperes? 


From Ohm's law, volts - amperes X resistance — 260 Х 10 = 200 
volts. 


Example.—On á'110 volt circtiit what resistance is necessary to obtain 
a flow of 15 amperes? 


From Ohm’s law, resistance = volts + amperes = 110 +15 = 71 
ohms. 


OHM TABLE* 


Inter- 
Date | national | Legal 
Ohm Ohm 


International Ohm. end 1. 1:0028 


LegalOhm ..... ...| 1884 .9972 : 
B. A. Ohm А .9866 .9894 
Siemens’ Ohm С .9407 „9484 





Example.—Two cells of a battery are connected in series and in op- 
position. One cell tests 1.05 volts and the other 1.79. What is the re- 
sultant voltage in the circuit? 


1.79 —1.05 —.74 volt. 


Example.—1f an arc Jamp require a current of 8 amperes, how much 
electricity does it consume per hour? 

Since one coulomb —one ampere second, the quantity of electricity con- 
‘sumed per hour is 


amperes )., fseconds | . 
8 jx \60 x60 f = 28,800 coulombs. 


*NOTE.—In the above table to reduce, for instance, British Association ohms to Inter- 
national ohms, multiply by .9866, or divide by 1.0136; to reduce legal ohms to Internationa} 
ohms, multiply by .9972, or divide by 1.0028, ctc. 
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A current of one ampere will deposit .0003286 gramme of 
copper in a copper voltameter, or .0003386 gramme of zine ina 
zinc voltameter. 


Ohm's law shows that the strength of the current falls off in 
proportion as the resistance in the circuit increases. 


Divided Circuits.—The relative strength of current in several 
branches in parallel is proportional to their conductivities. 


Example.—lf;in-2!branchesithe resistance of R 10 ohms, and R’= 
ohms, the current through R will be to the current through R’, as lol 20; 
or, as 2:1, or, in other words, 24 of the total current will pass through к, 
and 4 through R’. The joint resistance of the two branches between 
A and B, will be less than the resistance of either branch singly, because 
the current has increased facilities for travel. In fact, the joint con- 
ductivity will be the sum of the two ‘separate. conductivities. 


\ 


Example.—Two branches in parallel have a resistance of 100 ohms 


each. What is the joint resistance? \ 


1 1 2 100 
100 100^ 109 ; the reciprocal is => =50 ohms. 


The following formula may be applied for joint resistance 





Joint resistance = Е 


Example.—One of two parallel branches has a. resistance of 10 ohms 
and the other 20 ohms. What is the joint resistance? 


Substituting in formula (1*: 
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m 10x20 200 ., 
Joint resistance 10320 ^ 30 624 ohms. 

This rule cannot be employed for more than two branches at 
a time. 


Example.—A currerit of 42 amperes flows through three conductors in 
parallel of 5, 10 and 20 ohms resistance respectively. Find the current 
in each conductor. р 

Solution.—Joint conductance = m + ч + = = 1 

5 10 20 2 


25 AMPERES DRY CELL = 
. SHORT CIRCUITED “©: ~ 
к К АММЕТЕВ Бс 
sph ЛҮП 
| = У и 
Ж. 
? ы NW 













її, 
DT 














e VOLT CELL И 
| R QE = 135.06 OHM 


Fic. 1.~Application of Ohm’s law to find internal resistance of a dry cell. 


Supposing the current to be divided into 7 parts, 4 of these parts would 
flow in the first conductor 2 in the second and 1 in the third. 


The whole current is 42 amperes. 


$ of 42 224. 
3 of 4212. 
1 of 42-6. 
t D 
Current in first conductor —24 amperes. 
"  " second. " -12 “ } Апз. 
oe 46 third “ = 5 4t 
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Power.—The electric unit of power is the watt which is equal 
to one volt x one ampere, that is 


Powerotwalise TE cca Er (1) 
but by Ohm's law 


— ONE 
HORSE POWER 

А АИ 

AEN Lon oen 











10 ЕТ; 
ONE MINUTE 





3,300 LBS 





Fios. 2 ‘and 3 Examples illustrating. one horse power and one watt. Rules: One hore 
power -:33,000' ft. Ibs. per minute. One watt-one ampere X one volt. 


Substituting this value of E in equation (1) 
POWER = БЛ Я (2) 


Example.—A current of 12 amperes flows through a resistance of 23 
ohms. What is the power? . 
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Substituting in equation (2): 
Power = 12? X23 =3,312 watts 


Electrical Horse Power.—One watt is equivalent to one joule 
per second or 60 joules per minute. One joule, in turn, is 
equivalent to .7374 ft. Ibs., hente 60 joules equal: 


60 x .7374 — 44.244 ft. Ibs. 





100 VOLTS 







1? XI00 X5 » 250 WATT HOURS 


Fic. 4.—Example illustrating watt hours Rule: Watt hours «amperes Xvolts Xhours. 
Since one horse power = 33,000 ft. Ibs. per minute, the elec- 
trical equivalent of one horse power is 

33,000 + 44.244 = 746 watts. 


or, 746 


= .746 kilowatt (kw.) 


Again, one kilowatt or 1,000 watts is equivalent to 
1,000 +746 =1.34 horse power 
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Example.—What is the horse power delivered by a dynamo which fur- 
nishes 23 amperes at 475 volts? 


23 X475 


746 =14.6 





horse power = 


Joule’s Law.—The heat generated in a conductor by an electric 
current is proportional to the resistance of the conductor, the time 
during which the current flows, and the square of the strength of 
the current. 

Calories per second =ohms amperes? X seconds X .24 
expressed by symbols 


H=.242 RT 
in which 
H =heat or calories. per second. 
R=ohms. E 
І =атрегеѕ. 


T =time in seconds. 

Example.—How much heat is produced by a current of 20 amperes 
flowing for 4 hour in a circuit whose resistance is 6 ohms? 

H =.24 X6 X20? X (30 X 60) 21,036,800 calories 

Example.—How much greater is the heating effect of a current of 32 


amperes than that of one of 8 amperes, in a wire of 10 ohm resistance? 
No time is mentioned. 


32X32 X10 = 10,240 
8х 8х10=640 
10,240 +640 =16 times as great 


Example.—A current of 10 amperes passes through a wire one centi- 
meter in circumference. The wire has a resistance of .3 ohm per 100 
meters. How many degrees will its temperature be increased? 


The watts per second due to the passage of the current are given by the 
expression ПК =100Ж.3 =30. 


у 
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The surface area or 100 meters of the wire is 10,000 square centimeters, 
The calories expended on 100 meters are 30 X .24=7.2, 


The calories per square centimeter are the product of 7.2 by the area 
cf the wire, or 7.2X10-4=.00072 calorie. Dividing, .00072 by .00025 
gives 2.88° C., the degrees C. above the temperature of the air to which 
the wire would be heated by such a current. 


=== === с о о о еп 


Thermo-Voltage.—-When two dissimilar conductors are con- 
nected and the joint heated,-a difference of pressure is produced. 

The following table gives the difference of voltage set up by 
contact of some of the metals.— 








Bic. 5.—Simple compass. It consists ofa magnetic needle resting on a steel pivot, protected 
by a brass case covered with glass, and a graduated circle'marked with the letters N, E, 
$, М, to indicate the cardinal points. a,b, isalever-which arrests the needle by pushing it 
against the glass when the button d, is pressed. 


Zinc Iron 

ор Соррег ) лаб 

Lead | Copper 

Tin } ово Platinum \ 238 

Tin ` Platinum i 
Iron јаз carbon jus 
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Magnetism 


Magnetism.—If (wo points such as minute magnet poles act 
upon each other the action will vary inversely with the square of the 
distance separating them and with the product of the strength of 
the poles. 


Expressed by a formula 
REN 7% 


in which 
F =force 
N =a constant 
m and m’ =magnetic quantities acting upon each other 
1 = distance between m and m' 
Example.—Two equal magnet poles act upon each other with a force 


of 3.4 dynes. The distance between them is 2.5 cm. What is the strength 
of each? 


By the conditions of the problem, m=m’, and the formula becomes 


m? 


F=% 


Substituting for F and / their values 
m? 
3.4 72g! mi —2.51x«3.4 221.25 and m —4.6 
Each pole, therefore, is equal to 4.6 unit.magnet poles. 


Rule.—The number of lines of force (called induction, ber 
square centimeter) set up in an empty helix (air core solenoid). 
equals the product of the number of turns (per centimeter in length 
of the coil) times the number of amperes multiplied by 1.257. 
When the inch is used the constant is 3.2. 
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— SSS hhh 


Example.—How many turns of a solenoid to the inch are required to 
set up an induction of 400 lines with a current of 5 amperes? 


“One ampere turn gives 3.2 lines of force; 400+3.2=125 ampere turns; 
125 +5 =25. 

Example.—A current of 5 amperes flows through a 24 in. helix of 192 
turns. How many lines of force per inch inside the coil? 

192--24-8 turns per inch. 8X5X3.2—128. 


00, 00000, 


IAMPERE | 2 AMPERES 5 AMPERES 





Fras. 6 to 8.—Amperg turns. By definition the ampere turns.are equal to the product oj 
the current passing through a coil multiplied by the number of turns in the coil. Thus, in fig. 
6, 1 атреге X1 turn = 1 ampere turn; in fig. 7, 2amperes X2turns = 4 ampere turns; 
in fig. &, 5 amperes <5 turns =25 ampere turns. 


Rule.—One ampere turn sels up 1.2566 units of magnetic 
pressure. Accordingly 


magnetic pressure =1 .2566 xturns xamperes 

The unit of magnetic pressure is the gilbert (named after 
William Gilbert, the English physicist) and is equal to 
1+1.2566 ampere turn = .7958 ampere turn 


Example.—How many gilberis generated by 23 amperes flowing in 2 
solenoid of 475 turns? 


Number of ampere turns = 23 X475 = 10,925 
Since 1 gilbert = .7958 ampere turn 
Number of gilberts = 10,925 + .7958 = 13,728. 
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Rule.—The traction or weight a magnet will lift when attached 
lo its armature is equal to the square of the number of lines of force 
per sq. in. multiplied by the area of contact and divided by 
72,134,000. 


Example.—A bar of iron is magnetized to 12,900 lines per sq. in.; its 
cross section is 3 sq. ins. What weight can it sustain, assuming the ar- 
mature not to change the intensity of magnetization? 





Fras. 9 and 10 .—lliustrating the effect of introducing an iron core into a solenoid. Few 
lines pass ‘through the air core, while many pass through the iron core. The number of 
lines B, passing through a unit cross section of the iron core divided by the number of lines 
H, passing through a unit cross section of the air core is called the permeability and designated 
by the Greek letter & 


12,900?3 _ 
72,134,000 =6.92 lbs. 

The reluctance of a material is the inverse of its permeability, 
and is expressed as follows: 
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аа 1 length in ins. (or cm.) 


permeability ` cross section in sq. in. (or cm.) 


Equivalents.—The following equivalents will be found use- 
ful.— 


Multiply or 












To change To р divide 
Lines of force per sq. cm. Lines of force per sq. in. х6.45 
Lines of force per sq. in. Lines of force per sa. cm. +6.45 
Magnetizing force per sq.cm. Ampere tums per in. in length ed 
Ampere turns per in. in length Magnetizing force per sq. cm. ош 
LLL LL A 
| | Ра dcr A 
HH M rH 
ЕЧ YI 
ГРИТ Е 
ТУ 
| | Џ| / Г] 


H Pal a H 






Fra. 11 Hysteresis loop or curve showing how B, changes when H, is periodically varied. In 
the figure H = number of lines of force per sq. cm. (strength of field) and B = number of 
lines of induction per sq. cm. If now H, be gradually-diminished to zero, it is found that the 
value df B, for any given value of H, is considerably greater when that value of H, was 
reached-py decreasing H,.from a higher value, than when the same value was reached by ine 
creasing Hi, from a lower value: 


There is a loss of energy due to hysteresis. 


Ewing gives the value for the energy in ergs dissipated per cubic centi- 
meter, for a complete cycle of doubly reversed strong magnetization for 
га number of substances as follows: 





Electrical Calculations 13 





Ergs per Cubic Centimeter 
(According to Ewing) 


Energy dissipated 
Substance (ergs) 

Very: softannealediton а еа 9,300 
Less ‘* М АНИ СОИ 16,300 
Ната :агазті:оѓее уте tie ont улл S vele etr eta 60,000 
Annealed ее 70,000 
Бате сте атаве пага и eon ay ок ет Оты: 76,000 
Piano steel улге аппеајед.................................. 94,000 
es Uc normal temper: уузу уа дуз TT e 116,000 

d МУ а Крав ћата и eese ла ПЕК ДИВНО ИУ НИ ЛИНА ВЕЗИ 117,000 





0 5 10 20 о 4% 5 


Pro. 12.—BH curves for iron and steel 


Approximately 28 foot pounds of energy are converted into heat in 
making a double reversal of strong magnetization in a cubic foot of iron. 


Example.—A ring of iron 200 cm. long with a cross section of 30 sq. 

cm. and a permeability of 700 when 50,000 lines of force pass through it, 

- has wound upon it a coil of 400 tums. How much current is required to 
set up this magnetization? Я 


Number of lines = magnetic pressure + reluctance. 


1,,200 200 2 


R 77007 30 21.000 216 
eluctance 70530 ^ 21.000 210 
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Number of lines: 50,000 =1 287x400 X147 


.210x1 .257 X400 XI 
2 
=105 Х 1.257 х400 Х1Т 
=42,000 Х 1.257 ХТ 
=52,794 XI 
I =50,000 +52,794 
I=.95 ampere. 


Electro-magnetic Induction.—The unit of electric pressure, 
called the voli, is the electric pressure produced by cutting 
100,000,000 lines per second, usually expressed 108. 


Example.—If a coil of wire of 50 turns cut 100,000 lines ій 1/Лео".оЁ 
a second, what will be the induced voltage? 


The number of lines cut per second per turn. of the coil is 
100,000 x 100 = 10,000,000 
The total number of lines cut by the coil of 50 turns is 
10,000,000 50 = 500,000,000 
which will induce a pressure of 
500,000,000 -+ 10° =5 volts 


Table of Sparking Distances in Air* 


Distance. Distance. 
(Inches.) 





*NOTE.—These values are correct for effective sinusoidal voltages. 
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Table of Induction Coil Dimensions 


Length of spark $ inch 3 inch 1 inch 2 inches 
Size of bobbin ends, . 24x1} 24x 3x} 4X22x} 
Length of bobbin 4 51 6+ 6: ° 
Length and diameter 


6 


6ixi E 
143X6X1ji 12X71x3i 
6x4 6x6 


Size of tinfoil sheets. . . 
Number of tinfoil 
40 60 

Size of paper sheets. . i 9x5 

Primary coil No. 5 2 layers No. 2 layers 14B 
16, silk W. G. silk 

Я covered, covered. 
Secondary сой....... 31. No. 40 11b. No. 40 1: Ibs. No.38 2} Ibs. No. 36. 





‘Coil’ Winding Calculations.—The following formule аге 
being given without the usual individual illustrations, the re- 
lations being sufficiently clear to those requiring their use. [ft 
should be noted that it is impossible to accurately state the 
value of turns per sq. in. ohms per cu. in., etc. These values 
are dependent upon winding conditions, and will therefore, 
vary considerably between different types of machines, and 
even between different sizes of coils. The tables as given are 
average values and results derived therefrom do not under or- 
dinary conditions vary more than 5% either way. АЦ те- 
sistance data is based on 68? F. or 20? C. 

Referring to fig. 13 the following is the notation: 


І. =Length of winding space s =Resistance per lineal in. (Table А 
D - Outside diameter of winding p -Resistance per Ib. 

d -Diameter of insulated core N =Total number of turns 

M «Mean diameter n -Turns per sq. in. (Table D) 

T =Thickness of winding W =Total weight of insulated wire 

V =Winding volume w = Weight per cu. in. (Table E} 


R =Total resistance m = Weight рег 1000 ft. (Table ЕР) . 
¢ -= Resistance per сч. ім. (Table B) И 
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Resistance Per Inch 


Table A 
| | OHMS | B. & S. У 
.0006698 | 30 |. Formule showing the 
-0008430 at ; relations between given 
0010 Е 
E 34 3 7 factors. 
1002136 : T.P-4 
1002692 : 2 
R-Vr -zMLTr 2 
aMINs = Wp 








| - 1 
t 





S Е 
Bic. 13.—Diagram of coil to accompany coil winding calculations. 
D+d _ ЕКИ 
M=—,—=T+d N=LTn= M; 
_ | 4V +rLd? е R = E = тММ№т 
p= ene ус =Vw=7MLTw 712,000 
V=rMLT= .rL(D'-d). -R EM 
4 row 


To find size of wire, take the size having in the tables following a Га 
nearest corresponding to that determined by either of the following for- 
mule: 
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The following examples show the easiest method of working 
out the three principal forms of coil winding problems: 
(By; Slide Rule}) 
¥xample.—Given bobbin and wire—to find the winding data. 





L=4" D=4" d=1%° No. 24 Enamel. 
Given: 
D=4 R =46.23 X4.488 (Vr) 
d =1.125 subtracting =207.4 ohms. 
2)2.875 dividing 
T =1.438 (D —d . № =4х1.438ж2.100 (LTn) 
2 = 12,090 
ddi К 
d =1.125 adding ans 
М =2.563 (Т+а) Also N =:207.4 = (8.038 Х .002136) 
aM =3.1416 X2.563 =12,060 turns 
=8.038 W =46.23 X .2178 (Vw) 
У =8.038 Х4 X 1.438 =10.07 lb. 
=46.23 си. ш. (МЕТ) Also W =207.4+ 20.60 R 
=10.07 lb. P 


Example.—-Given bobbin, resistance and insulation of wire—to find 
size of wire. 


Given: L 2-234" D211$" а= 26° 400 ohms. Silk ename 


V —8.635 cu. in. 46.29 ohms. 


By the above method: г =400 --8.635 ( Е ) 
V 


Table B indicates No. 30 Silk enamel as being nearest in value to that 
required. 


Example.—Given winding length and diameter of insulated core, re 
sistance and wire—to- find the number of turns. 


Given: L=2 d=.4" R=125 ohms. №. 30 $. 5, 
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V =125+58.45 R 
=2.140 си. іп. r 





Then by the first method: 


тата тата та тата Т= 4175 
D- 4 (4 x2.140) - (3.1416 X 2X .42) N-2x 4175x6810 ал») 


3.1416х2 =5,693 turns 
= 1.235" 


— —— ———————————— ——— —— 


Armature Calculations 


For valuable assistance in the preparation of this section, the Sl ; 
thor is indebted to Mr. P. E. Chapman ој St. Louis, Mo., noted 


authority on armature windings and manufacturer of armaute | 
winding machines. | 


Example in Design.—Determine size of wire, num- 
ber of turns, etc., for an 8x8 in. armature, for a flux 
of 70,000 lines per sq. in., 110 volts, 1,200 r.p.m., 5 
horse power. 


Cross sectional area of armature = 8X8 = 64 sq. ins. 


Deduct teeth and shaft from diameter before figuring core area. ‘Thus 
teeth say 7% in. deep, shaft 114, a total of 314 off of 8 in. or net 434 X8 — 
38 sq. ins. corearea. Flux in this size core should be 70,000 to 75,000 lines—- 
say 70,000 x38 =2,660,000 lines. 


Now since it requires 10? or 100,000,000 lines of force cut per second to 
. generate one volt, the number of times this flux must he cut per second to 
generate the given 110 volts is 









ди = 4,135 times per sec. 
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The number of inductors (wires) necessary to place on the armature to 
cut 4,135 times per second will depend on the speed, thus 
total times per wire per sec. a 4,135 

revolutions per sec. 1/60 of 1,200 
from brush to brush. As there are two inductors per turn, there are two 


paths in parallel from brush to brush, hence the total number of turns on 
the armature will be 


number of inductors = =207 


272-207 - 


Approximate Turns Per Sq. In. 
(American Enameled Magnet Wire Co.) 


157 10 mii § mil 4mil - 2 mil 
Diam. Double Single Double Single Bare 
Inches Cotton Cotton Silk Silk Enamel Wire 
«0508 
«0453 
«0403 
+0359 


12620 
16020 
20400 
26200 
31900 
40000 


51600 
65700 


23450 39530 81600 
26450 46260 104000 





For five horse power at 110 volts 


to which must be added about 10% to allow for armature losses in a motor, 
or field losses in a dynamo, say 38 amperes. 


Since there are two paths through the armature in parallel, 
amperes per circuit =38+2=19 


Electrical Calculations 23 


There are many factors that affect the size of the wire selected for any 
particular winding. In any event the maximum permissible temperatuie 
is the final controlling factor. In well proportioned motors and dynamos 
(not including turbines) 40? C. rise above the room temperature is indi- 
cated by good practice asa maximum. Temperatures higher than this 
should be avoided. Among those factors which increase the temperature 
are the wattage loss in the wire itself, loss in the irom core of the armature 
and stator, loss in commutator friction and brush resistance and bearing 
losses. 


Outside Diameters of Wires 


(American Enameled Magnet Wire Co.) 


KIND OF INSULATION ENAMEL AND. 
Ю. С. С. Enameled. 5. С. С. о. 8. С. S. S. C. S. C. C. S. S. C. 


.0858 
„0765 
„0686 
„0616 


„0553 
.0498 
„0448 
.0399 
„0365 


.0326 
.0294 

0266 
.0241 
„0219 
‚0199 
10182 
.0166 
.0153 

0140 


0129 
.0120 
-0111 
-0103 
„0096 
„0090 
-0085 
-0080 
„0075 
0071 


Single cotton covered, 
Double silk covered. 
Single silk covered. 





The only factor that decreases the temperature is ventilation. 


This is markedly influenced by the speed and freedom with which the 
air plays over the various parts, as for instance, the windage of the arma- 
ture, any fans, or whether ventilation is restricted by more or less 
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enclosure, etc. Temperature calculations, therefore, become very com. 
plex, so much so that they are usually ignored and the following rule of 
thumb, which will be found very accurate, is used for motors and dynamos 
of moderate size and of the somewhat freely ventilated types. 


Rule.—For continuous duty, armatures, rotating fields and 
other moving parts, 400 circular mils per ampere of current. For 
stationary parts, whether stators, fields or armatures, about 600 
circular mils per ampere. For extra large size machines of the 
totally enclosed type or when run in hot places, these allowances 
must be increased. 


Example.—What size wire should be used on the armature of a five 
horse power, 110 volt motor, assumed to take 20.6 amperes per circuit ? 


20.6400 =8,240 circular mils. 
The nearest size to this is No. 11 or 8,234 circular mils. 


To calculate the size wire for a slotted armature a single slot should 
be considered, and the wire chosen if possible with reference as to how it 
will fit in the slot, that is, the size should be such as to fill the slot with, 
the least amount of waste space. In design, the approximate width of the 
slot is obtained by multiplying the diameter of the wire over insulation by 
the number of turns per layer and adding double thickness of slot insulation 
and an allowance for clearance. 


The depth of the slot may be obtained by multiplying the diameter of 
the wire by the number of layers of the winding, adding thickness of the 
slot insulation and making an allowance for slot closing sticks, which on 
small very tightly wound armatures may be as thin as 2€ in. but are 
usually about $ т. up to М in. thick on 5 or 10 4.p. armatures, and sel- Е 
dom as thick as $$ in. on any size armature. 


Where the wires are of sufficient size to warrant layer winding owing 
to the narrow width of the slot, hexagonal bedding seldom occurs, for the 
narrow width of the slot dictates that only a few turns will occur in a 
layer. Even where this bedding occurs there will be lost space at the end 
of each layer, so that in calculations the bedding factor should be ignored. 


To find the number of inductors per slot when the speed and 
flux are fixed, the following formula may be used: 
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лушы и a 
flux X slots X rev. per sec, ^7 


Example.—How many inductors per slot are required, to generate 110 
volts, with a total flux of 1,920,000 lines, 24 slots and 1,200 revolutions per 
minute, two; pole ? 


108 = 100,000,000 

and 
1,200 rev. per minute = 
1,200 + 60 = 20 rev. per sec, 
Substituting in (1) 


a 
inductors per slot = 


100,000,000 110 
1,920,000 x 24 x 20 


Example.—lIf the slots of a 24 slot, 24 coil armature be $ in. wide and 
there be 12 inductors per à coil per slot arranged as a three layer coil 
winding, what is the maximum size wire that can be used, and current 
capacity for a four pole machine? If flux be provided to generate 110 
volts what horse power will be developed? 


inductors per slot = = 12 





Fig. 14.—Fairbanks Morse Type TR machine armature construction. 


The table on page 20 gives the outside diameter of variously insulated 
wire. Double cotton covered should be selected for this armature. 


About 1% in. in width would be allowed for slot insulation and a few 
thousandths more for cleavance, leaving the net slot width say .42 in. 
In the example, since there are 12 conductors per } coil and the wire is in 
3 layers, the curns per layer would be 12--3 —4; which would give .42+4 
=.105, the maximum outside diameter of the wire that can be used. 
No. 11 wire .1017 outside diameter is the nearest size. 


The area of the No. 11 wire is 8,234 circular mils (page 112) which at 
400 mils per ampere gives a capacity of 20.6 amperes. 


Four pole machines of this size usually have wave wound armatures 
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which have two paths, therefore the carfying capacity of the machine 
would be 2 times 20.6 amperes or 41.2 amperes. 
At 110 volts: 
watts = 41.2110 =4,532 
Horse power would therefore =4,532 + 746=6.1 


from which must be subtracted the armature losses which may run as 


high as 15%, making the net answer say 5 A.p. (Field losses are figured 
separately.) 


си и 


Fics. 15 and 16. —Fairbanks Morse wire wound armature coils of type TR machine. 
In construction, the coils are form wound and are thoroughly insulated and baked before 
assembling in the slots. Material of great mechanical’ strength as well as high insulating 
value is used, and the coils are subjected to repeated dippings in insulating compound and to 
repeated bakings, thus thoroughly driving oüt all moisture and malang a coil which is prac- 
tically water proof and which will withstand tough hand-ing. These coils when completed, 
are placed in the slots, where they are retained by bands on the three smaller sizes and by 
hardwood wedges on the larger sizes. Cores of all sizes are provided with ventilating spaces, 
running from the surface to the central opening of the core, so that air is drawn through the 
core and blown out over the windings by the revolution of the armature. 


After having determined the size of wire, number of turns 
per coil, the drop or voltage loss due to the resistance of the 
winding should be determined to see if this loss be within 
limit. 

Example.—1f the average length per turn of the coils in the armature 


of the previous example be 2 ft., what is the drop or loss of voltage in 
the armature? 


For 12 turns per coil 
length of each coil =12K2=24 ft. 


Now while the machine has 4 poles, being wave wound, there are two 
paths in parallel, hence only half of the coils or 12 coils need be considered 
in determining the drop. 
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Accordingly, 
length of 12 coils =24 X12 =288 ft. 


According to the table on page 112, the resistance of No. 11 wire at 
140° Fahr. is .00126 ohm per foot, hence 
resistance of 12 coils =288 X .00126 = .36 ohm 
According to Ohm’s law 


current = volts , or volts =current Xohms 
ohms 





Substituting in the expression for volts, 
volts or “drop” = 20.6 X36 =7.42 


which is within standard practice. 


Magnet Calculations.—In figuring field magnets, the unit 
ampere turn is frequently employed and is defined as the magnetic 
force due to a current of one ampere flowing through one turn of a 
magnet winding; numerically it is equal to the product of one turn 


multiplied by one ampere. 


Thus, one ampere flowing through 10 turns, gives 1 X 10 = 10 ampere 
turns. Again, 10 amperes flowing through 10 turns gives 10 X 10 = 100 





NOTE.—To find the speed when the volts, flux, and number of inductors are fixed, use 


&his formula: 3 
100,000,000 x volts 


rev. per sece = Aux X number of slots X inductors per slot 
NOTE.—-To find the strength of field when the volts, inductors and speed are, fixed, 
use the formula: 


fur'e 100,000,000 volts 
inductors per slot X number of slots >) геу рег гес. 


NOTE.—To find thc volts when the inductors, flux, and speed are fixed use the formula: 


oes flux X 1nductors per slot X number of slots X rev. per aec. 
100,000,000 
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ampere turns, Having fixed the voltage and’ size’ of wire it makes no 
difference in the magnetic effect how many turns are fontained in the 
winding, that is, for a given voltage and size of wire the ampere turns 
remain the same regardless of the sumber of turns in the winding 


Thus, if 10 amperes flow through 10 turns of the winding the result is 
10 Х 10 = 100 ampere turns. Now, if the number of turns be doubled, 
the resistance of the winding will be doubled which will cut down the 
current one half, that is, 5 amperes X 20 turns = 100 ampere turns. 
Of course, this is not strictly true where the magnet is made up of more 
than one layer, because the diameter of an outer turn being ter than 
that of an inner turn, its length and resistance is greater, the resulting 
effect being to slightly decrease the ampere turns as each layer is added. 
The reason then for increasing the number of turns in a magnet winding 
is to cut down the current sufficiently to prevent overheating of the winding. 


Example.—1f the winding on a spool 8 ins. in diameter be one inch thick, 
what is the average diameter of the turns? 


The diameter of the inner layer turns is 8 ins., and the outer layer 
turns, 8 + 2 = 10 ins., hence, 


average diameter of the turns = 14 (8 + 10) = 9 ins. 


Example.—If the magnet of the previous example contain 500 turns, 
what is the length of the winding? 


The average diameter of the turns, as obtained, being 9 ins., 


Теп = SX S140 X 009 = 1,178 ft. 


Example.—lt a winding one inch deep be placed on an 8 in. spool, 
what is the smallest size wire that will give 10,000 ampere turns with 
110 volts? s . 

average diameter of turns = 14 (8 + 10) = 9 ins. 
length of average turn = SX SIS = 2.36 ft. 

The sectional area of the smallest wire (in circular mils) is obtained 
from the formula 


12 X length average turnin feet X ampere turns 


*area wire - ———————— — O estt 1) 
volts 
Substituting 
area wire = ООО = 2,575 circular mils 


110 


*NOTE.—In the tormula, 12 is che resistance of 1 mii foot of copper at 130° Fahr 
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nearest size wire from table is No. 16 B. & S. gauge. 


Having determined the minimum size of wire, the next step 
is to find how many turns must be placed on the spool to prevent 


undue heating. 
The watts lost by the current neating the winding 4s equal to 


the square of the current multiplied by the resistance, that is 
watts lost= amperes? X ohms. 


Table of Constants 


Ae Constant for Length. | Oonstant for Welght. | @ Conitant fog Resist- 


25 |роцые Single | Singte Double | Single | Single Double! Single | Single 
Cotton | Cotton| Silk |Cotton|Cotton| Silk | Cotton | Cotton! Silk 


Ховен юм 

еввах #8982 
Uem Br 
sek zb 

LIC PT 


~ 
72 
39 
104 
335. 
163, 
202. 
255. 
291. 
387. 
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In proportióning the winding for depth and length, the depth of the 
winding must be such that there will be from 1 to 2 sq. ins. of surface 
per watt. With 1 sq. in. per watt, the magnet in operation will be “hot,” 


and with 2 sq. ins., "warm." 
Example.—How much radiating surface (neglecting the ends) on a 
magnet whose outside dimensions are 9 ins, diameter, 6 ins. long 
area outer cylindrical surface = 9 X 3.1416 X 6 = 169.6 sq. ins. 
Example.—An 8 in. spool is to be wound with No. 16 wire to a depth 
of 1 in., which, as calculated in a previous example, is the smallest size 
wire that will give a required 10,000 ampere turns with, 110 volts. How 
many turns of wire must be wound on the spool to prevent undue heating? 


For winding magnets what is known as magnet wire is used, the wire 
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generally having a single covering of insulation as enamel, silk, cotton oi 
paper. 

By reference to the table on page 19 the number of turns per sq. in. 
of cross sectional area is obtained. Taking a portion of the winding cov- 
ering an inch length of spool 1 in. deep the sectional area of this portion 
is1sq.in. Referring to the table of magnet wire on page 19, No. 16 wire 
single covered, will wind 312 turns per sq. in., that is, per inch length ot 
spool. The length of the average turn being 2.36 ft. (as calculated in a 
previous example) 





Fic. 17. —Method of placing two layer lap winding coils in armature slots. In a two layer 
winding one side of a coil will be at the bottom of a slot and the other at the top of another 
slot. To place coils in slot, put in the lower sides first as, 1, 2, 3, 4, of coils A, B, C, D, leav- 
ing the other side of eách coil outside its slot. Evidently when enough coils to make up 
the inner layer have been placed this way, the upper layer side of the last coil so placed can be 
put into the slot. Thus, after lower layer side 4, of coil D, is put in the slot, the upper layer 
side 5, may be put in position on top of side 1, of coil A, thus moving the last coil from point 
D, to D’, indicated by the dotted line. 


length of winding per inch of spool —312x 2.36 — 736 ft. 
and from table its resistance being 4.016 ohms per 1,000 ft. 


736 


1,000 of 4.016 —3 ohm. 


resistance of winding per in. of spool 





The outside diameter of the winding being 10 ins., 

radiating surface per inch of spool = 10 X 3.1416 = 31.4 sq. ins. 

Now, in any electric circuit, the energy lost by heating the wire, or 
` watts = amperes? X ohms....... cene nnn (1) 
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but by Ohm’s law 
am eres = vole 
P . ohms 
Substituting this value for amperes in equation (1) 
: volts? volts? 
watts lost = ohms? X ohms = ohms 


And if the coil be designed for "warm'' working by allowing 2 sq. in. 
radiating surface per watt, then it must be so proportioned that 


volts? 





radiating surface = 2 X watts lost = 2 X 


In order to determine the length of the coil, first find what resistance 
would be necessary if the winding were to consist of only the one inch 
portion just considered. To do this, solve equation (2) for resistance. 


thus 


2 X volts 
ohms п .. (3) 

This will give a resistance much greater than the 3 ohms as calculated 
for that portion of the winding, hence, the spool length of the winding 
must be increased until the resistance of the winding has a value as ob- 
tained by equation (3). Thus, substituting in equation (3), 110 volts, and 
31.4 sq. ins. radiating. surface in equation (3), the necessary resistance of 
the winding for “warm” working, is 


2 X 110 


31.4 


Accordingly, since the resistance of the winding is proportional to its 
length 


ohms = = 7 


length of winding = 1 in. x =214 ins. 
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Fia. 22 —Method of placing armature in Chapman machine. Point the commutator end 
of the core toward you and select a pair of slots which give the correct span for the coils 
“spotting” them with the thumb and fingers as shown. Set the core in the jaws with their 
edges aligned, the jaws overhanging the slot about .005 to .010 of an in. the slots projecting. 
See that both sides are clear and free. Tighten up with the left hand. Let the larger part 
of the armature project in cord winding. (It will hold them.) The illustration shows the 
winding machine or head proper, equipped with 3 in. jaws, carrying the lead former and 
twister. When setting open slot cores, set about 14 of the width of the slot under the jaws, 
that is, allow about J4 of the slot to project. This is especially desirable where the core is 
small in diameter, 





NOTE.—Number of armature slots. As a rule there are not less than ten slots per 

le. In muki-polar machines there are atleast three or four slots in the space. between ad- 

jacent pole tips. The area per slot on machines above five horse power is approximately 

one sq. in. and roughly the capacity of a slot of thisarea is about 1,000 ampere turns for machines 
designed to work ^n less than 500 volts. 
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Power of a Motor.—The difference between power and work 


should be clearly understood. е 


work — distance Xresistance (lbs.) 
work distance Xresistance (lbs.) 


wer = — = 
ГЕ time time 


foot pounds per minute 


horse power = 
zi 33,000 


(33,000 foot pounds per minute —1 borse power) 





NOTE.—Number of commutator bars. This depends on the voltage between the 
bars. The number of bars may be a multiple of the number of slots. A large number of come 
mutator bars improves the commutation but this advantage is offset by increased difficulties 
encountered in construction. 


NOTE.—Current density in armature inductors. In determining the intensity of 
current. much depends upon the provision for ventilation and operating conditions. In gen- 
eral 400 cir. mils per ampere is safe for overloads or ‘for operation in hot engine rooms 
‘a greater area may be used. For fields and stators use 600 mils per ampere up. 


NOTE.—Magnetic densities. In small machines the density in the air gap is rarely 
over 32,000 lines per sq. in.; in large machines the density may be as high as 60,000 lines per 
sq.in. Density in teeth is usually about 100,000 lines per sq. in. being somewhat less in very 
small machines. Density in magnet core: cast iron may be worked up to about 40,000 
or 50,000 lines per sq. in.; wrought iron and cast steel being about 95,000 to 105,000 or more 
lines per sq. in. Density in yoke: for cast iron the density should be about 30,000 lines per 
$4. in.; for cast steel, about 75,000 lines, and for wrought iron forgings about 85,000 lines. 
Density in armature core: this may be taken at from 85,000 to 90,000 lines per sq. in. foe 
drum armatures у Ў 


NOTE.—Dynamo losses. "These are the mechanical losses due to friction, ard elec 
trical losses in the core, field and armature. Friction loss. This ranges from 3 tc 595 in,respec- 
tively, small and large machines of good design. Core loss. In well designed machines this 
should not exceed 2% of the output at full load. Field loss. A portion of the electrical 
energy generated in the armature is lost in exciting the field magnets. Armature loss. This 
is usually termed the copper loss since it is due to the resistance of the winding; it is a very 
variable quantity and is equal to the square of the current multiplied by the resistance of a 
section of the winding between brushes. 


NOTE.—Armature paths in wave and lap windings. A wave winding has but two 
paths through the armature, regardless of the number. of poles; whezeas a lap winding has 
as many paths as there are poles. This distinction is important in figuring the size of wire 
for the winding to carry the current without undue heating. 
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Example.—1f the armature pull of a motor having a two foot pulley 
be such that a weight of 500 lbs. attached to the rim, is just balanced, 
and the speed be 1,000 revolutions per minute, what is the horse power? 


Here, the distance that the pull acts from the center of the shaft is 
one foot, hence for each revolution the resistance of 500. pounds is over- 
‘come through a distance equal to the circumference of the pulley or 


x Xdiameter =3.1416 X2 =6.2832 feet, 


The work done in one minute is expressed by the following 
equation: 


{ work (weight! ш [ 


| а 
1 per |=4. }х{ of pulley bx {revo utions; = =foot pounds 
minute] Bs (lbs; J ik. infet jJ (Pe minute 


= 50 X 6.2832 X 1,000 3,141,600 





Fria. 23.—Prony brake for determining brake horse power. Iż consists of a friction band 
ring which may be placed around a pulley or fiy wheel, and attached to a lever bearing upor 
the platform of a weighing scale in such a manner that the friction between the surfaces in 
contact will tend to rotate the arm in the direction in which the shaft revolves, This thrust 
is resisted and measured in pounds by the scale. In setting up the brake the distance be- 
tween the center of the shaft and point of contact (knife edge) with the scales must be accu- 
rately measured, the knife edge being placed at the same elevation as the center of the shaft. Aw 


internal channel permits the circulation of water around the interior of the rim a3 shown. 
to prevent overheating. 
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о 


Hence, the power developed is 
31,416 +33,000 = .952 h. p. 


The formula for brake horse power is 


in which 


~ 


AMPERES 
i со 
о 
о 
REV. PER MIN. 


> 
о 
z 
m 
2 
u 
u 
ш 
H 
z 
mi 
о 
а 
ш 
а 
H 
к 
a. 
mi 
Е 
ш 
P 
о 
с 
[У] 
= 


PER CENT OUTPUT 





Fic. 24.—Characteristic curves for a General Electric type RC, 714 horse power 230 volt 
commutating pole shunt wound motor of open construction. 


P 2unbalanced pressure or weight in pounas, acting on the lever arm 
at a distance L; 


І. —-length of lever arm in feet from center of shaft; 
N =number of revolutions per minute. 


Simplifving. equation (1) becomes 


Electrical Calculations z 


внр =2=Е МР. 00019042... (2) 
33,000 


It should be noted in equation (1) that if L=33+2= the 
equation becomes 


m T 
D P E pete ME (3) 


B.H.P.= 
33,000 2z 1,000 





REV. PER MIN. AND TORQUE IN LB-FT 


го 
о 





AMPERES - 


Еле. 25.— Characteristic curves for a Westinghouse type MC-50 230 volt series wound en 
closed motor for a steel mill crane and hoist service. 


Accordingly, in order to use the simplified formula (2) the 
arm L is made 33 4-2 or 5.285 feet, very approximately 5 ft. 
31% inches. 

24 X3X1,000 X30 _ 


В.Н.Р. 
E 33.000 


ПЕП 
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Using formula (2) 
В.Н.Р. == .0001903 «30 х3 х1,000= 17.1 


220 X65 
746 





Input = E.H.P.= =19.17. 


and since the output is 17.1 horse power, 


: output . brake horse power 17.1 
effi - = : 
У input electrical horse power 19.16 897% 








Batteries 


Batteries.—The voltage of a battery is equal to the voltage of 
a single cell x the number of cells in series. 


Example.—What is the voltage of a battery consisting of four 13 volt 
cells in series? 
voltage 213x426 


The amperage of a cell depends upon its voltage, internai 
resistance and resistance of the external circuit. 


The internal resistance of a primary cell is much greater than 
that of a secondary cell. 


Example.—1f a 13 volt dry cell show 25 amperes on short circuit what 
is its internal resistance? 
According to Ohm's law 
К=Е +1 
Substituting in the formula 
internal resistance = 1.5--25 = .06 ohm. 


а=, 
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Example.—If a 1} volt storage battery show 250 amperes on short 
circuit what is its internal resistance? 
internal resistance = 1.5+250=.006 ohm. 


Voltage of a Secondary Cell.—This depends on the density 
of the electrolyte, the character of the electrodes and condi- 
tion of the cell; it is independent of the size of the cell. 


М МИИ 
TS TT 





#10.26 --Нот to testa dry cell. Place terminal of ammeter on proper pole of cell and 
momentarily touch the other terminal with the ammeter lead. Cell should “‘kick’’ 25 to 30 
amperes if fresh. Don't buy a dry cell without testing it yourself. In testing, don't hold the 
connection any longer than necessary to read the ammeter. If a dealer objects to cells being 
tested it is evidence that they are no good and that the dealer is dishonest. 

The voltage of a lead sulphuric acid cell when being charged 
is from 2 to 2.5 volts. While the cell is being discharged, it de- 
creases from 2 to 1.7 volts. The voltage due to the density of 


the electrolyte may be calculated from the following formula: 


V=1.85+.917 (5—5) 
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in which 
V — voltage; 


S «specific gravity of the electrolyte; 
s=specific gravity of water at. the temperature of observation. 
Ехатре.— а storage battery require about 3 amperes for charging, 
how is this current obtained from a 110 volt circuit? 


Each 16 candle power carbon filament lamp in the lamp bank would 
give approximately 14 ampere with the cells in series in the lamp circuit. 
Therefore, 3X3 or 9 lamps should be used in parallel to give 3 amperes. 


Specific Gravity Table 





Water ' Specific gravity 
(Per cent.). of Mixture. 


Sulphuri¢ acid 
(Per cent.). 





The amperes obtained will be slightly less due to the opposition offered 
by the internal resistance of the battery. 


Electrical Calculations 41 











4000 — —— 1 
BATTERY CHARGE 3l | 
BATTERY DISCHARGE = 

3000 | = 





LEAD pbi 





| 
2123545 6 8 6 3 и 12 
MIDNIGHT AM NOON РМ. HIDNIST 


Ела. 27 —Load curve showing use of storage battery as an aid to the generating machinery. 
In the diagram, it is seen that the battery discharges at minimum and maxirnum loads and 
is charged at other times, the battery furnishing current for the entire minimum load and 
part of the maximum load. 


In the selection of a storage battery the number of cells is 
determined by the voltage of the system. ‘Thus, according to ў 
Gould: 








Voltage of System Number of Cells Voltage of System Number of Cells 
110 60 220 120 
115 64 230 126 
125 70 250. 138 


NOTE.—The size of a 110 volt battery can be determined thus, assuming that the bat- 
tery will be.charged at any time during the day convenient to operate the dynamo and tha} 
the battezy will be able to furnish current for lamps as follows: 

















Number | 4 | 
of Number Ampere Hours 
Time Lamps Amperes | of hours |. col.3Xcol.4 
5. p.m. to 10 p.m. Twenty 16 c. p. 10 5 | 50 
10 p.m. ю ба.т. Two 8 c. p. м 4 
6 a.m. to Ва. Six 16с. р. 3 6 
| 


—— * T Total 60 
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Comparison of the Baumé and Specific Gravity Scales at 60° Fahrenheit 


TS ra r НН 
Degrees|Specific | Degrees Specific | DegreeslSpecific Degrees Specific 
m X ee Gravity TE one “ane Gravit 





$2 00 N С> ©л оомо 


Strength of Dilute Sulphuric Acid of Different Densities at 59° Fahr. 


Strength of Dilute Sulphuric Acid 
of 
Different Densities at 59° Fahr. 


Per eae Specific Per л: 
° о 
| Sulphuric Acid Gravity Sulphuric Acid 


100 1.842 
1.306 
31 1.231 
1.223 
1.215 
1.206 
1.198 
1.190 
1.172 
1.174 
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Size of Storage A Battery required.—The proper size battery 
ior use with a radio set depends upon 


1. Type of tube used 


2. Number of tubes 

3. Average number of hours used. each night 

4. Facilities for recharging together with the convenience 
desired. 


Properties of Tubes 


(According to Westinghouse Union Battery Co.) 





Type of Tube 


UV-199, UX-199, C-299 
Х-299 
UV-200, UX-200, C-300 а 
CX-300 * : 1522.8. [кз Жазз» can 
UV-201-A, UX-201-A, 
C-301-A, CX-301-A r 0. 45 


UX-112. CX-112 А 22.545 


UX-120, CX-120 
UX-210, CX-210 


ма һа 


3.0 
4.0 
7.9 
5.8 
2.5 
2.4 
6.5 
22.0 
8.0 
2.0 
6.0 
4.5 
3.0 
1.0 


e 


олю сососаљео 


C-11, C-12, WD-11 
WD-12 


он ооо муамо 
nw 
go. 


Example.—A given set uses 5 UV201-A tubes. Each tube requires 14 
ampere, 5 tubes require 114 amperes and a 5 volt battery is needed. The 
6ВЕО-7 Ђабегу has a capacity of 60 ampere hours. 60 divided by 114 
gives 48 hours. 48 divided by 3eaquals 16. If used 3 hours a night, the bat- 

. tery would give 16 nights of service per charge. The 6BRO-11 would give 
about 27 nights service or about twice as much service per charge. 
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Alternating Current 


The aliernating current is represented by the sine curve as 
shown in fig. 30. , 2. 


The equation of the sine curve is 
у==пф 


150 REVOLUTIONS 
PER MINUTE 900 REVOLUTIONE 


FREQUENCY = 597476 , co PER MINUTE 





CYCLES PER REV. OF ARMATURE 
> NUMBER OF POLES . g= 4 
2 ; 





EIGHT POLE ALTERNATOR 
FREQUENCY 60 


Fro. 28.—Diagram'of aryalternator and engine, illustrating frequency. The frequency or 
eycles per second is equal to the revolution of armature per second multiplied by one-half the 
number of poles per phase. In the figure the armature makes 6 revolutions to one of the 
engine; one-half the number of poles -8--2 4, hence frequency — (150 X4 X6) 4-60 «60. 
The expression in parentheses gives the cycles per minute, and dividing by 60, the cycles per 
second, : 


in which y, is any ordinate, and ¢, the angle of the corres- 
ponding position of the coil in which the current is being 
generated. 


The symbol ~ is read “cycles per second.” 


Thus, in an 8 pole machine, there will be four cycles per revolution. 
If the speed be 900 revolutions per minute, the frequency is. 


afe Tee 
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Form Factor.—This denotes the ratio of the virtual value of 
an alternating wave to the average value. ‘That is 
virtual value _ .707 


f factor =- «=з = 
eae tare average value .637 


Inductance.—The unit of inductance is called the henry. 
The formula for the henry is: 





ИТА 







108 
3600 REVOLUTIONS 
ISO REVOLUTIONS PER MINUTE 
PER MINUTE b 
900 REVOLUTIONS 
PER MINUTE 






FREQUENCY 60 


Fic. 29.— Diagram answering the question: Why are alternators always built multipolar? 
They are made multipolar because it is desirable that the frequency be high. It is evident 
from the figure that to obtain high frequency would require too many revolutions of the 
armature of a bipolar machine for mechanical safety—especially in large alternators. More- 
over, a double reduction gear in most cases would be necessary, adding complication ta 
the drive. Comparing the above illustration with fig. 28 shows plainly the reason for 
multipolar construction. 


NOTE.— The henry and the C.G.S. lines. One volt is Produced when a conductor cuts 
100.000,000, that is, 103 C.G.S. lines per second. The formula for the henry is frequently given 
for a single layer air core coil expressed in C.G.S. units, as 4T area Xtotal amperes Xturns X 
К + (length X10°) and unfortunately it gives a correct answer. Various authorities differ as 
to whether 10? or 10? C.G.S. lines should be used and do not always agree with themselves. 
1 C.G.S. unit pole at 1 c.m. distance produces a flux density of 1 C.G.S. line per &q. c.m. 
One unit pole produces 47 lines = 12.5662 lines, hence C.G.S. current unit = 12.5662 lines under 
unit conditions. This C.G.S. current unit 75 nol an ampere, and here’s where the confusion 
starts. It is constantly confused with the ampere—it is 10 amperes and a good name for it is 
deka-ampere. The henry is not 10°C.G.S. lines, but 108, Now 10° is simply a corruption caused 
by confusing the C.G.S. current unit (deka-ampere) with the practical ampere and combining 
the deka-ampere to ampere magnetic correction divisor (10) with the voltage constant of 
"livisor 1085.—P. E. Chapman. ў 
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where 


L=coefficient of self inductiori in henrys; 


N =total number of lines of force threading a coil when the 
current is one ampere; 


'T 2 number of turns of coil. 


EQUIVALENT D.C: 





Fic. 30 —Maximum, virtual and average volts The virtual value of an alternating pressure 
or current is equivalent to thal of a direct pressure or current which would produce the same 
effect. If a Cardew volt meter be placed on an alternating current circuit in which the volts are 
oscillating between maxima of +100 and —100 volts, it will read 70 7 volts, though the 
arithmetical mean is really only 63.7; not withstanding this, 70 7 steady volts would be required 
to produce an equal reading. The word effective is commonly, yet erroneously used for 
virtual. 


'The inductance of a coil is calculated from the formula: 
ради E5108 eco races d) 
ог“ (1.43292 0109) 
for a thin coil with air core, and 
Т гоно (ТОВ) ее. (0) 
for a coil having an iron core. In the above formule: 


L=inductance in henrys; 
q 23.1416; 
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7=average radius of coil in centimeters; 
n =number of turns of wire in coil; 
p=permeability of iron core; 
l=length of coil in centimeters. 
Example.—An air core coil has an average radius of 10 centimeters 
and is 20 centimeters long, there being 500 turns, what is the inductance? 
Substituting these values in formula (1) 


L =.4 X (3.1416)? X 102 X500? = (20 X 10% = .00494 henry, 


3 TURNS 6 TURNS 


INDUCTANCE 
I HENRY 


SQUARE OF TURNS SQUARE OF TURNS 
=3.X3=9 = 6xX6~36 


RATIC OF INGREASE’ B TURNS*+A TURNS? =36+9 =4 
INDUGTANCE COIL B-=\NDUGTANCE COIL A X RATIO =1X 4 = 4 HENRYS 





Fics. 3] and 32.—Diagrams illustrating relation of number of turns of an inductive coil and 
the inductances. 


The henry being a very large unit, it is the custom to 
express inductance in thousandths of a henry, that is, in milli- 
henrys. The answer then would be .04935ж1,000 =49.35 
milli-henrys. 

Example.—An air core cojl has an inductance of 50-milli-henrys; if an 
iron core, having a permeability of 600 be inserted, what is the inductance? 
The inductance of the air core coil will be multiplied by the permeability 
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of the iron; the inductance then is increased to 
50 X 600 =30,000 milli-henrys, or 30 henrys. 





Ohmic Value of Inductance.—The ohmic equivalent of the 
inductance reactance of an alternating circuit is expressed by 
the formula 


in which 
Xi=ohmic equivalent of inductance 

J = frequency 
L =inductance 


ONE COULOMB 
ABSORBED BY PLATES 


Y 


CAPACITY 
WAN ON 


CONDENSER 





Vic. 33.—Diagram illustrating a farad. A condenser is said to have a capacity of one 
farad if it will absorb one coulomb of electricity when subjected to a pressure bf one volt. 
The farad' is a very large unit, and accordingly the microfarad or one millionth of a farad 
is often used, though this must be reduced to farads before substituting in formule. 


Example.—A coil of wire is of such inductance that a current changing 
at the rate of one ampere per second induces a reverse pressure of .025 
volt. An a.c. having a frequency of 100 passes through it. Neglecting 
the ohmic resistance, what is the ohmic equivalent of inductance? 


Substituting the given value in equation (1) 
Х:=2т 100 X .025=15.7 ohms (equivalent). 


Ere e m a e E i eae on E Ee EET 
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° 
Capacity 
Capacity.—A condenser is said to have @ capacity of one farud 
if one coulomb (that ts, one ampere flowing one second), when 
stored on the plates of the condenser will cause a pressure of one 
volt across its terminals. 
The farad being a very large unit, the capacities ordinarify encountered 
in practice are expressed in millionths of а farad, that is, in microfarads 
—a capacity equal to about three miles of an Atlantic cable. 


— 


Ohmic Value of Capacity.—The ohmic equivalent of capacity 
is expressed by the formula’ 


ake 





F1c. 34.—Parallel connection of condensers. Like terminals are joined together. The capacity 
of such arrangement is equal to the stam of the respective capacities, that is C=c+c’+c” 


Анн 


Fic. 35.—-Series or cascade connection of condensers. Unlike terminals are joined together 
as shown. The total capacity of such connection is equal to !Ae reciprocal of the sum of the 


5 ТЛ 1 
yeciprocals of the several capacities, that is, C= 1 + С Е а + ce 
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in which X,-ohmic value of capacity; C=capacity; f =fre- 
quency. 
Example.—What is the resistance equivalerit of a 50 microfarad con- 
denser to an alternating current having.a frequency: of 100? 
Substituting the given values in the expression for ohmic value 
SO uer 1 RE 
2«fC 2X3.416x100x.000050 031416 


Lag and Lead 


Lag.—If there be inductance in an a.c. circuit, the current 
will lag; if there be capacity, the current will lead in phase. 
The formula for angle of lag is 


=31.8 ohms 


; reactance 2- fL УЕ а) 
‘resistance R ч 


Example 1.—A circuit through which an alternating current is passing 
Баз an inductance of 6 ohms and a resistance of 2.5 ohms. What is the 


angle of lag? 
Substituting these values in equation (1), 
6 
== =2.4 
DES 


Referring to the table of natural sines and tangents on page 153 the 
corresponding angle is approximately 67°, р 


Lead.—lIf there be capacity in an a.c. circuit, the current wil! 
lead. The formula for angle of lead 
1 


аа Е апа а оао (1) 
resistance R 
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Reactance 


The term ‘‘reactance’’ means simply reaction. 


The term reactance, alone, that is, unqualified, is generally 
understood to mean inductance reactance. 


Inductance reactance is simply inductance measured in ohms. 


Example. —An alternating current having a frequency of 60 is passed 
through a coil whose inductance is .5 henry. What is the reactance? 


Here f 260 and L —.5: substituting these in formula for inductive re- 
actance, 
Xi=2 0 f L=2X3.1416 X60 x .5=188.5 ohms 


The quantity 2-fL or reactance being of the same nature аз а re- 
sistance, is used in thé same way as a resistance. Accordingly, since, by 
Ohm’s law 


ое. о (1) 


an expression may be obtained for the volts necessary to overcome re- 
actance by substituting in equation (1) the value of reactance previously 
given, thus 


Example.—How many volts are necessary to force a current of 3 
amperes with frequency 60 through a coil whose inductance is .5 henry? 
Substituting in equation (2) the values here given 


f 


E=2rfLI=27X60X.5 x3 =566 volts. 


Example. —In a circuit containing only capacity, what is the 
reactance when current is supplied at a кышу of 100, and the capacity 
is 50 microfarads? 


1 
50 mi = о, 5 
microfarads 90 X 500,000 00005 farad 





m 
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capacity reactance, or 





К 


Impedance.—This term means the total opposition т ап вес. 
tric circuit to the flow of an alternating current. All power circuits 
for a.c. are calculated with reference to impedance. 


RESISTANCE * 1.6 OHMS io eas 
„К CCDC 
ms | | | 









IMPEDANCE IN OHMS 
ne 


1 
INCHES « or бон Cone 


Fra. 36.—Impedance curve for coil with variable iron core. The impedance of an indue- 
tive coil may be increased by moving an iron wire core into the coil. In making a test of this 
kind, the current should be "kept constant with an adjustable resistance, and volt meter 
readings taken, first without the iron core, and again with 1» 2, 3, 4, etc.,:inches of core 
inserted in the coil. By plotting the volt meter readings and the positions of the iron core 
on section paper as above. the effect’ of inductance is clearly shown. 


For a circuit which does not contain capacity 


impedance = V resistance? +reactance?. . . . (1) 


Example.— If an alternating pressure of 100 volts be impressed on 
a coil of wire having-a resistance of 6 ohms and inductance of 8 ohms, 
what is the impedance of. the circuit and how many amperes will flow 
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through the coil? In the example here given, 6 ohms is the resistance 
and 8 ohms the reactance. Substituting these in equation (1) 


Impedance = V6?+-8? = V 100 =10 ohms. 
The reactance is not always given but instead in some problems the 
frequency of the current and inductance of the circuit. An expression 


to fit such cases is obtained by substituting 2xfL for the reactance as 
follows: (using symbols for impedance and resistance) 


РА И ME Ee .:0) 


“ 
ш 
D 
n 
а. 
= 
«t 


$0 . 40 50 60 ~ 70 
FREQUENCY 





Fic. 37.—Curve showing variation of the current by increasing the frequency in a circuit 
having inductance and capacity... The curve serves to illustrate the “critical frequency” or 
frequency producing the maximum current. The curve is obtained by plotting current 
values corresponding to different frequencies, the pressure being kept constant. 


Example.— If an alternating current, having a frequency of 60, be 
impressed on a coil whose inductance is .05 henry and whose resistance is 
6 ohms, what is the impedance? : 


Here-R=6; f=60, and L=.05; substituting these values in (2) 
Z= V6+(29 X60 X.05)? = V¥391'= 19:8 ohms. 


For a circuit having resistance, inductance and capacity. 
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impedance = V res-stance® + (inductance reactance — capacity reactance)? 


or using symbols, 
Z- RHE(Xi-X...... s 


Example.—-.A current has a frequency of 100. It passes through a 
circuit of 4 ohms resistance, of 150 milli-henrys inductance, and of 22 
microfarads capacity. What is the impedance? 


a. The ohmic resistance R, is 4 ohms, 
b The inductance reactance, or 
r Uu 


X227 fL-2X3.1416 X100 X.15 294.3 ohms. 


note that 150 milli-henrys are reducéd to .15 henry before substituting 
in the above equation. ° 


c. The capacity reactance, or 


note that 22 microfarads are reduced to .000022 farad before substi- 
tuting in the formula. 


Substituting values as calculated in equation (3) 
7, = У4:+ (04 3 —72.4) = V496 = 22.3 ohms. 





Power Factor 


The term power factor may be defined as: The number of 
walls indicated by a watt meter, divided by the apparent watts, the 
latter being the watts as measured by a volt meter and ammeter. 


The power factor may be expressed as being equal to 


true power _ ітие шайѕ _ тие шайѕ 


apparent j power apparent watis volts x amperes 
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The power factor is that quantity by 
which the apparent watts must be mul- 
liplied in order lo give the true power. 


That is, 


lrue power =apparent watts X power 


Numerically, the power factor is 
equal to the cosine of the angle of phase 
difference between current and pressure. 
that is : 


power factor =cos ¢ 


QNENT) — 


Electrical equipment cost varies inversely 
(approximately) as the power factor so that 
a system designed for 70 per cent power 
factor costs about 40 per cent more than one 
designed for unity power factor. 


= 
E 
с 
c 
> 
= 
< 
4 
< 


AIE 


In the case of a manufacturer who pur- 
chases current his power rate must contain 
all of the generating cost as well as a profit 
on these costs so that if the power factor of 
the generating system be low, the manufac- 
turer in his power rate pays the interest 
charges upon the extra investment caused 
by low power factor. 


Н= соз ф = 





Fic. 38.—Angularity of the connecting rod, analogy of power factor. Pressure due to 
steam acting on the piston is applied to the wrist pin in the axial direction AC. Let distance 
AC, represent this ‘pressure. Draw CB, perpendicular to connecting rod AP. Then wil! 

C, represent tne apparent pressure applied to P, the crank pin; AB, the active Component 
ог actual pressure applied to P, and BC, the no energy component. Power factor =AB 
+АС, =Соѕф. Example.—If 1,000 Ibs. pressure be applied by piston and AB+AC=.9, 
then the actual pressure applied at P «1,000 x..9 =900 Ibs. 
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Example.— If in an. alternating current circuit, the volt meter and 
ammeter readings be 110 and 20 and the angle of lag 45°, what is the ap- 
parent power and true power? 


The apparent power is simply the product of the current and’ pressure 
readings or 
apparent power = 20110 =2,200 watts, . 


The true power is the product of the apparerit, power multiplied by the 
cosine of the angle of lag. Cos 45°=.707 hence 


true power =2,200 X .707 = 1,555.4 watts 


E» 
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Pis 39.--Power factor curve. By aid of this curve the magnetizing kva. can be determined 
for any power factor., For instance, a line with 60 per cent. power factor and a load of 

_ 150 kw. requires 150 multiplied by 1.3 2195 magnetizing kva. 


Example.— A circuit having a resistance of 3 ohms, and a resultant 
reactance of 4 ohms, is connected toa 100 volt line. What is: 1, the im- 
pedance, 2, the current, 3, the apparent power, 4, the angleoflag, 5, the 
power factor, and 6, the true power? 

1. The impedance of the circuit. 

Z= V3?+4? =5 ohms. 
2. The current. о 
current = volts +impedance = 100 +5 =20 amperes. 
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3. The apparent power. 
apparent power = volts amperes = = 100 X20 =2,000 watts. 


4. The angle of lag. 
tan ¢=reactance +resistance =4+3=1.33. From table of nat- 
ural tangents (page 153’) ¢ =53°. 


5. The power factor. 
The power factor is equal to the cosine of the angle of lag, that is, 
power faetor =cos 53°= .602 (from table). 


‘6. The true power. 


The true power is equal to the apparent watts multiplied by the 
power factor, or 


{rue power = volts Xx amperes X cos ¢ 
-100x 20 х .602=1,204 watts. 


Example.—An alternator delivers current at 800 volts pressure at a 
frequency of 60, to a circuit of which the resistance is 75 ohms and .25 
henry. 


Determine: a, the value of the current; 5, angle of lag; c, apparent power; 

d, power factor; e. true power. 

a. Value of current 

pressure _ E 

impedance VR?+(2xf L)? 

800 

3794 2X3. 1416 X60 x .25)* — 6.64 amperes 

b. The angle oj lag 


tane reactance 2 -fL 2X3. 1416х60х. :25 125 
геѕіѕќапсе R 75 


current = 





@ =angle of lag=1.25=51° 15’ (interpolating from table, page 153). 


c. The apparent power 
apparent power = volts о ИРИНА =800 жб.64 = 5,360 ма 
=5.36 kva. 
d. The power factor 
power factor  cosine of the angle of lag 
=<08 519 15' = ,626, 
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е. The true power 


true power —apparent power X power factor 
=5,360 X .626 =3,355 watts. 


This radius determines 
the copper in generator 
and feeders or limits the 
duty of existing generators 
and feeders 


This line shows how 
much:work the above 
heating value can'be 
made to deliver at 

various,power-factors 





L700 H.P: Work Value 


Wattmeter Readin у | The ultimate result, at 
850 H.P. Work Value unitu power-factor is - 


150 H.P. gained by raising 100% work 
Power-factor from 707,.to 857, 


Group of Induction Motors 
700 H.R. -70% Power-factor kc: 
ч 


Group of Induction Motors (610* BD 





and Synchronous Motors (240 H.P.) 
850,H:P. at 85% 
Same load on generators} Power -factor 
) 


and feeders 
7 


Gain for consumer.150 H.P. without 
increasing féeders - Gain for Power 
Company revenue from 150 H.P. motor 
from same generetor and feeder 


A 


Fics. 40 to 42.—Typical power factor diagram showing gain by raising the power factor; 
fig. 42 shows efits to consumer and power company on the basis shown in fig. 41 
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Wattmeter 


Voltmeter Ammeter 





Fic. 43.—Meter reading on three phase circuit 70% power factor. 





Alternators 


The voltage of an alternator at no load is expressed by 
the formula 


E-444XN Xf X6 X10? 


This expression gives the mean effective voltage. Should the voltage 
curve have a sine wave form, then the maximum voltage is equal to the 


mean effective voltage multiplied by V^ 2 that is, by 1.41. 


In the above formula: 


E =the no load voltage at the terminals of one phase of the 
winding; 


N =number of turns in series per phase, 
f =number of magnetic cycles per second; 


ф =magnetic flux, in megalines simultaneously linked with the 
N turns. (One megaline =1,000,000 c.g.s. lines.) 
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Voltages Generated in Various Single Phase Windings 





Correction factor for voltage of 
variously distributed windings 


Single coil winding E=1.000 


Double coil winding E=.707 Xsingle coil winding 
Triple coil winding Е=.667х “ x А 
, Quadruple coil winding E=.654Xx “ “ 
Multi-coil or thoroughly dis- : 
tributed winding ES 637X Su E: T 





The terms single, double, triple coil, etc., in the accompanying table 
indicate whether the inductors are arranged in one, two, three, etc., 
equally spaced single coils per pole piece, the single coil being constituted 
by the group of inductors lying in one slot. The conditions are equivalent 
to the component voltages generated in each group being in one, two, 
three, etc., different phases, irrespective of the number of resultant wind- 
ings into which they are combined. 


In any alternator the number of magnets required 


frequency x 60 
revolutions per minute 


Example.—How many magnets required for a single phase alternator 
running at 900 7.p.m. to give a frequency of 60? 


Substituting in formula (1) 


60x60 
f SDS aes 
Number of magnets =2 x 900 8 

The value of the armature ampere turns which tend to distort and to 
diminish or augment the effect of the ampere turns оп {Не field magnet 
is sometimes calculated as follows: 

д—:1707Х1 ХТХР 

in which 5 
A=armature ampere turns; . 
I =current per phase; 
T «turns per pole per phase; 


Electrical Calculations 61 








P =number of phases; 
$=product of the distribution and pitch factors of the winding. 


This value of amfere turns, combined at the proper phase angle with 
the field ampere turns gives the value of the ampere turns available for 
producing useful flux. 


Example.—How many field magnets are required on a two phase alter- 
nator direct connected tó an engine running 240 revolutions per minute, 
for a frequency of 60? 


An engine running 240 revolutions per minute will turn 
2A0 +60 =4 revolutions per second. 
A frequency of 60 requires 


60 +4 =15 cycles per phase per revolution, ог 
15X2=30 poles per phase. 
Hence for a two phase alternator the total number of poles required is 
30x2 260. 
It is thus seen that a considerable length of spider rim is required to 
attach the numerous poles, the exact size depending upon their dimensions 
and clearance. | 


The flux that must enter the armature from each pole at full load 


full ioad voltage per phase X 108 
zj No. of inductors in 
frequency E per phase ) xK 


K is a multiplier depending on the relative values of the width of che 
winding on each side of a coil, the span of the polar arc and pitch of the 
poles. 
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Transformers 


For any transformer or reactive coil: 


Let E. — v/mean! of the induced voltage; 
$ -total flux; 
B" «lines of force per sq. in. 
A =section of magnetic circuit in sq. ins. 
N =frequency in cycles per second; 
T =total turns of wire in series. 


Then 


This equation is based on the assumption of a sine pressure wave and 
is the most important of the formulae used in the design of an alternating 
current transformer. 


By substituting and transposing, an equation can be obtained for any 
unknown quantity. 


Thus if the volts, frequency and turns be known, then 


Ех 10% 
$ "гихт E udo Petes NOES ene ОЛАУ Т О, (2) 
but 
В О АЛАКОЛ: (3) 
Therefore 
Ех10 


CAM XNXTXB^ DA EWE E Ж АЖЕ ЖАТУУ А ЖКК УО ЕУ ЭДЕ СЕ (4) 
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which equation gives at once the cross section of iron necessary for the 
magnetic circuit after the total primary turns, and the density at which 
it is desired to work the iron have been decided. 


Again, if the volts, frequency, cross section of core, and 
density be known, then transposing equation (4) 


___Ех1%. 
444 XN XB"XA 
The core loss is generally neglected in the measurements. 


T= 


The voltage and current relations are approximately as 
follows: 


primary voltage: secondary voltage = primary: turns: 
secondary turns 


primary current: secondary current = secondary turns: 
primary turns 


The hysteresis loss is caused by the reversals of the mag- 
netism in the iron core, and differs with different qualities of 
iron. With a given quality of iron, this loss varies as the 1.6 
power of the voltage with constant frequency. 


Steinmetz gives a law or equation for hysteresis as follows: 
We=7Bte 
Wa = Hysteresis loss per cubic centimeter per cycle, in ergs (= 1077 joules) 
4 =constant dependent on the quality of iron. 

IfN =the frequency, 
V =the volume of the iron in the core in cubic centimeters, 


P =the power in watts consumed in the whole core, 
then 


P =»NV B1107 С 
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and 


Л P 


“NVB"6107 


The copper losses in a transformer are the sum of I?R losses 
of both the primary and secondary coils, and the eddy cur- 
rent loss in the conductors. In any well designed transform- 
er, however, the eddy current loss in the conductors is neg- 


LA 
m] 





то 











EFFICIENCY, PER CENT 








?0 30 40 50 60 70 80 
NORMAL OUTPUT, PER CENT 


Fic. 44.—Efficiency curve .of Westinghouse 375 kw. transformer; Pressure 500 to 15,000 
volts; frequency 60. Efficiencies at different loads: full load efficiency, 98%; 34 full load 
efficiency, 98%; 4 full load efficiency, 97.6%: 34 full lead efficiency, 96.1%; regulation 
non-inductive load, 1.4%; load having .9 power factor, 3.3%. 


ligible, so that the sum of I?R losses of primary and secondary 
can be taken as the actual copper loss in the transformer. 

The efficiency of a transformer is the ratio of the output 
watts to the input watts. Thus 
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Efficiency = Output watts Output — — 
Input watts Output-+Core loss+Copper loss 


The core loss, which is made up of the hysteresis loss and 
eddy current loss, remains constant in a constant potential 
transformer at all loads, while the copper loss, or I?R loss, 
varies as the square of the current in the primary and sec- 
ondary. ` 


а ОАЕ е ee 
Core loss 24 +1ЕК X5-+ full load x5 


20 =— 


100 





Fras. 45 and 46.—Two winding transformer and a single winding or auto-transformer. 
Fig.45 shows a 200:100 volt transformer having a 10 amp. primary and a 20 amp. secon- 
dary, the currents being in opposite directions. If these currents be superposed by using 
one winding only, the auto-transformer shown in fig. 46 ‘is employed where the winding 
carries 10 amp. only and requies only one-half the copper (assuming the same mean length 
of tum). If R, be the ratio of an auto-transformer, the relative size of it compared with 


ке l. For example, a 10 kw. trans- 





a transformer of the same ratio and output is as 


former. of 400 volts primary and 300 volts secondary could be replaced by an auto-trans- 
133—1 
133 


2% kw. transformer could be used to wind an auto-transformer of 400 : 300 ratio and 10 kw. 
output. 


former of 10 X =2.5 kw.; or, in other words, the amount of material used in a 
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Transformers for Two and Three Phase Motors. 


Single phase transformer. voltages 


Delivered 
voltage of 110 volt motor 220 volt motor 


circuit 
— 





Very small transformers should not be used, even when the motor is 


large compared to the work it has to do, as the heavy stárting current may 
burn them out. 


The following: table gives. the proper sizes of transformer for three 
types of induction motor. 


Capacities of Transformers for Induction Motors. 


Kilowatts per transformer 
Size of motor Two single Three single One three 
horse power phase phase phase 
transformers Transformers *ransformer 


e 
o 
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A. C. Motors 


Synchronous Motors.—The speed of a synchronous motor is 
that at which it would have to run, if driven as an alternator, 
to deliver the number of cycles which is given by the supply 
alternator. 





The following simple formula gives the speed relations between alternators 
and motors connected to the same circuit and having different numbers 
of poles. 
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Fia. 47 —Diagram illustrating the method of representing the performance of synchronous 


motors. The V shaped curve ıs obtained by plotting the current taken by motor under 


different degrees of excitation, the power developed by the motor remaining constant. 
The current may be made to lag or lead while the load remains constant, by varying the 
excitation. A certain value may be reached by varying the excitation, which will give 
a minimum current in the armature; this is the condition of unity power factor. If now 
the excitation be diminished the current will lag and increase in value to obtain the same 


pwer; if the excitation be increased the current will /ead and increase in value to obtain 
the same power The results plotted for several values of the excitation current will give 
the V curve as shown. This is an actual curve obtained by Morley on a 50 kw. machine 


running unloaded as a motor. Other curves situated above this one may be obtained for 
various loadings of the motor. 
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in which 
т = Revolutions per minute of the motor! 
p - Number of poles of the motor; 
R = Revolutions per minute of the alternator; 
P =Number of poles of the alternator. 
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Fig. 48..--Starting ‘torque:curves,.for a. synchrorious motor with low and. high resistance 
squirrel cages eae In order that a synchronous motor may’ pull нө МЕР, 
it is necessary to accelerate it until synchronous speed is quite closely. approache a y e 
hearer this approach, the more powerful is the synchronizing action. The slip of an a м 
motor depends upon the load and also upon the resistance in the cage winding. І a ig n 
cage resistance be used in order to provide a high ‘starting torque, it is quite. possible "s 
the slip will be so great that sufficient synchronizing action cannot be developed. yee a 
motor into step. The curves show the difference in effect of high resistance brass bars 


low resistance copper bars. 
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Squirrel Cage Motors.—The slip of a squirrel cage induction 


motor varies from 2 to 5% of synchronous speed depending 
upon the size. 


The slip is obtained from ‘the following formula: 
Slip (rev, per sec.) - Sy - S, 


or, expressed as a percentage of syrichronism, that is, of the sytchronous 
speed, 


Slip (%) =L x10 
г 


Maximum Starting Current for Squirrel Cage Motors 
(According to Century Electric Co.) 





Maximum 
Starting Current 
In Percentage of 


Minimum 
Static Torque 
In Percentage of 
Full Load Current Full Load Torque 


Fractional Horsepower 60 and 50 cycle 


Fractional Horsepower 25 cycle 


450% 250% 
450% 200% 


All other motor sizes not included above. 60, 50, 40 and 25 cycle 


ES STI 
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— ee 


where 
S, =synchronous speed, or 7.p.m. of the rotating magnetic field; 
Sa = speed of the armature. 


The synchronous speed is deterinined the same as for synchronous 
motors by use of the following formula: 


2 
52x00 


| where 
S, =synchronous speed or 7.p.m. of the rotating magnetic field; 
P =Number of poles; 
f =frequency. 


The following table gives the synchronous speed for various frequencies 
and different numbers of poles: 


Table of Synchronous Speeds 


R.P.M. of the rotating magnetic field, when number 
of poles is 





Exampie.—A 60 cycle, sixteen pole, three phase motor has a slip at full 
load of 6 per cent; at what speed does the armature turn at full load? 


Synchronous speed = 450 7.4.0. 
Slip =450Ж5 per cent —27 r.p.m. 
Armature speed — —450—27 — 423 r.p.m. 
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Check 


Slip (=%) = synchronous speed — armature speed x 


100 
synchronous speed . А 


450—423 27 
450 х 450 х per cent 
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Fig. 50.—Power factor of 60 cycle, squirrel cage induction motors at 100% load, 50 to 
500 А.р. 
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Internal Resistance Induction Motors .— This type motor has 
an armature so constructed as to obtain a high resistance (ohmic 
or spurious) while starting and a low resistance while running 
without external connections, to avoid the very heavy starting 
current and to increase the starting torque. 


In order to give maximum starting torque. total armature resistance 
should be 


Гр Vg (к. +y)? Í 
Where ri —rotor resistance per circuit reduced to field system 
x, =rotor reactance per circuit reduced to field system 
r =resistance per field circuit 
y =reactance per field circuit. 


a eS ee ee 


External Resistance or Sli» Ring Motors.—In this type the 
starting torque and the starting current are under the control 


of the operator and may be varied at his will. The slip ring 


———L— 

NOTE —Effect of changes in voltage und: frequency on induction motor operatiori. 
According to B. G. Lamme, some variations from normal voltage and frequency are generally 
permissible with any induction motor, but such variations are always accompanied by changes 
from normal performance. With either the voltage or. the frequency differing from normal 
the following perfurmance changes must be expected: 





Conditions | Power Factor | Torque Slip 
——— a _—ы—ы——- 
Voltage high Decreased Increased Decreased 
Voltage low Increased Decreased Increased 
Frequency high Increased Decreased Per cent slip unchanged 
Frequency low Decreased Increased Per cent slip unchanged 


Usually a variatioa of either yoltage or frequency not exceeding 10% is permissible and 
within this limit the efficiency remains approximately unchanged. The voltage and fre- 
quency should not be varied simultaneously in opposite directions, that is, one decreased 
and the other increased. If an induction motor must operate on frequency other than stand- 
ard, the performance will be better if the voltage be changed in proportion to the equare root 
of the frequency. Thus a 400 volt, 60 cycle motor operating on 6634 cyctes will have very 
nearly its normal operating characteristics if the voltage be raised to 400 Х 76634 +60 =420 
volts. Decreasing the voitage much below normal is seldom permissible on account of re- 
sulting increased temperature rises. An increase in the frequency results in a considerable 
reduction in the maximum load which an induction motor can carty. 
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motor accordingly permits the heaviest loads to be started 
slowly and smoothly with no objectionable line disturbances. 





The Heyland Diagram.—By aid of this diagram it is pos- 
sible to calculate horse. power output, kva input, amperes per 
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Fra. 51.—{Speed torque and current curves of a polyphase induction motor with different 
values of secondary resistance. For constant torque any variation in the armature te- 
sistance requires a proportionate variation in the slip. If the slip with a given torque be 
10%, for instance, it must be 20% for double the resistance. The armature resistance 
may be in the wirdings themselves as in internal resistance motors, or it may be entirely 
separate from the machine and connected to the windings by suitable means, as shown 
*n external resistance or slip ring motors; 
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terminal, per cent power factor for different loads, per cent 
inrush at starting under full voltage, per cent torque at start- 
ing, maximum or pull out torque, per cent slip of motor at 
different loads and actual 7.p.m. of motor atrdifferent loads. 


i 
Д 
me 





23 АИ MY (WO OC Se 29 В OS ВИ 
= пиши ЕЕ 


































































































Fia. 52.— Heyland 'dtagram ior calculating horse power output, kva input, amperes per ter~ 
minal, per cent power factor for different loads, per cent inrush at starting under full volt. 
age, per cent torque at starting; maximum or pull out torque, per cent slip of: motor at 
different loads, and actual r.p.»;. of motor at.gifferent loads. 
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All of this data may be obtained from the diagram, after ob- 
taining from test under no load conditions, and with the arma: 
ture blocked, the volts, amperes and Aw input to the motor. 


The following example indicates plainly just how the data is 
obtained. | 


Example.—1n a test of a 5 4.p. 220 volt, 3 phase. 60 cycle, 1,200 s.r.p.m. 
slip ring motor, 17 amperes per terminal, the no load and blocked armature 
tests gave the following results: 


NO LOÀD BLOCKED ARMATURE 


Volts | Amperes | Kva | Kw. | P.f 
ў 12 4.770 | .550 | 11 5 | 1143 
11.5 | 4.370] .....] .... | 220. 





With scale of 250 va to one division, 4,370 kva =17.5 div. 


Resistance between terminals x3 _ 97 = total resistance of armature, hot. 


Short circuited full voltage blocked 1*R =68,3? x.97=4,520 va=18.1 
divisions. 

Full load of 5 4.p X746.=3,730 va=14.9 divisions. 

With O, as center, and a radius of 100 divisions, strike arc AB, which 


is the power factor arc. Draw OC, through 11.5 power factor and lay 
off OF, equal to 17.5 divisions (no load condition). 


Draw OD, through 56.7 power factor and lay off OE, equal to 104 
divisions. (Full voltage blocked armature condition.) 


Through F and E, draw arc FKEG, with center at H. This is input 
arc of motor. Connect E and G, draw JG, perpendicular to EG. 


With center at J, draw arc through F and G, This is output arc of 
motor. 


Lay off ST, equal to full load, which equals 14.9 divisions. Draw GT, 
through to K. OK, equals ka, input full load, from which ftll load am- 
peres is calculated to equal 17,8 amperes. (OK, equals 27.2 divisions, 
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multiplied by scale of 250, equals kva; this, divided by 220 volts and 


1.73 for three phase, equals’ 17.8 amperes.) OK, extended to L, gives 
a power factor of 68% for full load. 


Draw EP, equal to 18.1 ‘divisions, as per second paragraph above, and 
PQ, perpendicular to intersection of EP. 
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` Fic. 53.—Speed torque curves for Wagner slip ring motors with armature short circuited 
(inherent speed torque) and with resistance inserted to give maximum torque at standstill, 
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Ела. 54 ,—Speed'torque curves of’ "Wagner slip ring motor equipped with machine type speed 
controller having eight steps of resistance. The diagram shows the speed torque curves of a 
slip ring motor used with a, machine type controller. If the machine driven require, full load 
torque at all speeds, the intersections of the speed torque curves with the 100% torque line, 
show the motor speeds with the controller handle on the various steps. 
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With scale of 250:va, to one division, 26 kua=104 div. With center I, 
on HJ, draw arc FQG. This is synchronous torque arc. 


Extend GE, to M, the latter being 100 divisions above line FG. Draw MN, 
perpendicular to IG,XY,then in divisions is per cent slip; in this case 
9.2% Then 7.p.m. is 90.8% of synchronous r.p.m. or 1,090 r.p .m. 


Per cent inrush equals 
OE nee: 104 
OK or substituting = 27.5 


which is 383% of full load; with power factor read at D, as 56.795. Maxi- 
mum, or pull out torque equals 


RH. chm Por 300% of full load 


TS 





Fia. 55.— Domestic split phase-induction motor speed torque curve. Operation-and char- 
acteristics. “fhe speed of an induction motor depends upon the number of poles of the 
motor and the frequency of the current upon which it is operated. This is why only cer- 


oe definite speeds are obtainable. The’speed changes very slightly from no load to full 
oaá. 
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QW 295 


TS ТБ or 26395, which is per cent starting torque of full load when 





armature rings are short circuited, in the case of a slip ring motor FK, is sec- 


ondary amperes. — per cent efficiency. 


KZ 
synchronous /.р. 33.000 
2 7» X synchronous r.p.m. 





= torque in pounds at | foot radius. 








Single Phase Induction Motors.—This type is generally 
called split phase. 


с 
о 


E 
о 


б 
о 


u 
о 


а 
ul 
ш 
а. 
У 
p 
2 
о 
2 
[=] 
а 
= 
[5] 
2 
x 
[2 
и. 
о 
m 
2 
ш 
о 
a 
ш 
ü. 


[ 2 
TORQUE IN TERMS OF FULL LOAD 





Tre. 56..—Speed torque curve of split phase induction motor. The pull up torque 15 the 
greatest load torque the motor will pull through and go on up to speed, that is, 1t is the 
lowest torque point on the motor curve helow pull out, In the above curve it coincides 
with the starting torque; if the motor had a higher starting torque, as shown dotted, the 
pull up torque would be at A; or if the centrifugal switch opened below its best operating 
speed as shown by the horizonta! dotted iine, the oull up torque would occur at By 
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Fic. 58-—Speed ‘torque curve of-repulsion induction motor. The starting torque is about, 
two and.one-half times full load torque and the starting current is about two and one-hal 
to three times full load current. The speed torque curve is very similar to that of a com. 
pound wound d.c. motor. As the motor speeds up, the torque increases until the maximum| 
torque point is reached, which insures that the motor will bring up to full speed any load 
that it will start. Due to the somewhat drooping speed torque characteristic, this motor 
tends to throw off its load as it is overloaded. As the applied voltage is decreased, the 
motor speed decreases and the power requiredito drive a constant torque load decreases. 
The current on overload, therefore, does not increase as rapidly as in the case of the in- 
duction motor or the repulsion start induction motor At light loads, the speed Of this 
motor. may be above synchronism. 
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For single phase or two phase machines it is 1 to ‚.7; Юг three phase, 
1 to .612, or six phase, 1 to .7 or 1 to .613 depending upon the kind of 
connection used for the transformer. 


Example.—A two phase rotary receiving alternating current at 426 
volts will deliver direct current at 600 volts, while a three phase rotary 
receiving alternating current at 367 volts will deliver direct current at 
600 volts. 


о 


Motor Generator Sets.—The combination of a motor and a 
dynamo or alternator is used in preference to rotary converters 
when it is desirable that the generating element be independent 
of the a.c. line voltage so that any degree of voltage regulation 
can be obtained. 


Some of these sets are used for frequency changing. 


The frequency obtained at the slip rings will depend on the speed of 
rotation, the number of poles for which the changer is wound and the 
frequency of the supply circuit. 


The old formula holds: 


T.b.m. X E 


= — +line frequenc 
N 60 q y 





or excitation frequency. 
N *-slip ring frequency 
P - number of poles 
7.p.m—revolutions per minute of rotor 


Example.— Assume 60 cycle excitation and a 6 pole machine 
at 1,200 7.b.m. then 
i 6 


1,200 х – 
3m 





60 +60 = 120 cycles. 
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The maximum speed for standard frequency changers is 2,200 7.p.m. 
When frequencies are required which would demand higher speeds for any 
particular machine, it will be necessary to select a frequency changer, 
having a greater number of poles, witha correspondingly lower basic speed . 


The power input to the stator from the commercial lines for an induc- 
tion frequency changer at full load is approximately equal to the kilowatt 
rating of the machine at the frequency of the commercial circuit plus the 
excitation losses of approximately 10 per cent. 





A. C. Windings 


In the operation of an alternator the maximum pressure gen- 
erated may be expressed by the following equation: 


ZN 
———— OQ À2 AG 
in which 
E - volts; 
f=frequency; 


Z=number of inductors in series in any one magnetic circuit; 
N =magnetic flux, or total number of magnetic lines in one pole or in one 
magnetic Circuit. К 


The maximum value of the pressure, as expressed in equation 
(1), occurs when @=90°. 


The virtual value of the volts is equal to the maximum value 
divided by V2, or multiplied by 4 V2, hence, 


4 V2xafZN _2.22fZ2N 0. _..@) 


= 10 108 
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This is usually taken as the fundamental equation in designing 
alternators. It is, however, deduced on the assumptions that 
the distribution of the magnetic flux follows a sine law, and 
that the whole of the loops of active inductors in the armature 
circuit act simultaneously, that is the winding is concentrated, 






000,000 LINES OF FORCE 
MERSEN, 
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mr VIRTUAL PRESSURE = 1.1 VOLTS 
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Fie, 59.— Elementary alternator; developing one average volt. 1f the loop make one revolu- 
tion per second, and the maxinium number of lines of force embraced by the loop in the 
position shown (the zero position) be denoted by N, then each limb will cut 2N lines per 
second, because it cuts every line during the right sweep and again during the left sweep. 
Hence each limb develops an average pressure of 2N units (C.G.§. units), and as both 
limbs are connected in series, the total pressure is 4N. units ber revolution, Now, if the 
loop make f revolutions per second instead of only one, then f times as many lines will be cut 
per second, and the average pressure will be 4N f units. Since the C.G.S. unit of pressure 
is so extremely small, a much greater practical unit called the voll is used, which is equal 
to 100,000,000, or 10* C.G.S. units is employed. Hence average voltage =4Nf +103. The 
value of N, in actual machines is very high, being several million lines of force. The illus- 
tration shows one set of conditions necessary to generate one average volt. The maximum 
огеззиге developed is 1 +-.637 =1.57 volts; virtual pressure =1.57  .707 =1.11 volts. 


The Kapp Coefficient.—In practice, the coils are often more 
or less distributed, that is, they do not always subtend an exact 
pole pitch; moreover, the flux distribution, which depends on 
the shaping and breadth of the poles, is often quite different 
from a sine distribution. Hence, the coefficient 2.22 in equa- 
tion (2) is often departed from, and in the general case equa- 
tion (2) may be written 
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kf ZN 
10* 


where k, is a number which may have different values, accord- 
ing to the construction of the alternator. This number А, is 
called the Kapp coefficient because its significance was first 
pointed out by Prof. Gisbert Kapp. 

The value of k, is further influenced by a “breadth coefficient” 
or spread or span "'factor."' 


Еле = 


NOTE.—The values of the spread factor as given in the table below are based. upon 
the same number of inductors being placed in each of the slots and all of the slots being used. 





Spread Factor 


Slots per phase 











per pole 
Single phase Two phase Three phase 
Sa 
1 1.000 1.000 
2 „924 .966 
3 „911. .960 
4 „906 .958 
6 -903 .956 


NOTE .—Voltages generated in various single phase windings. The terms single, 
double,’ triple coil, etc., in the table below, indicate whether the inductors are arranged in 
one, two, three, etc., equally spaced single coils per pole piece, the single coil being determined 
by the group of inductors lying in one slot. The conditions are equivalent to the ¢om- 
ponent voltages generated in each group being in one, two, three, etc., different phases, irre» 
spective of the number of resultant windings into which they are combined. 


у. Correction factor for voltage. 











Type of Winding of variously distributed windings 
ene 
Single coil winding. ......... leeren ...| E=1.000 
Double coil winding............... gente See] E .707Xsingle coil winding 
Triple coil winding «0.0... 0 ccc eee te cee eee eee net eees E= 667x “ “ " 
Quadruple coil папе .................... Е .E-.6504x " “© e 





Multi-coil or thoroughly distributed winding.,.....-.- Vd Ee 637Х 


NOTE.—Spread factor. To correct for the distortion due to spreading, a factor, known 
as the spread factor, is introduced into voltage caiculations. For practical estimation this 
reduction factor may be taken as .96 in the case of a distributed three phase winding; .90 
for a distributed two phase winding and .84 for a single phase winding distributed over two 
thirds of the pole pitch. 
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Windings for turbines (on account of the high speed) must 
be quite different from those driven by steam engines. Ас- 
cordingly, in order that the frequency be not too high, tur- 
bine driven alternators must have very few poles—usually 
two or four, but rarely six. 


Table of Frequency and Revolutions 





Reconnecting A. C. Windings 


Voltage Changes.—Nearly all commercial motors are ar- 
ranged so that they can be reconnected for two voltages. 
To make these changes, the polar groups are connected in series for the 
higher voltage and in parallel for the lower voltage. 
In changing to higher voltages it should be noted that motors as-manu- 
factured are provided with insulation good for 550 volts or for 2,500 volts. 


The capacity of the insulation should accordingly be considered and no 
change be made beyond the capacity of the insulation. 


In making a voltage change, ihe voltage per coil or per turn 
must be approximately the same after reconnection as before. 


Example.—A motor is connected series-star for three phase 440 volts, 
How should it be connected for 220 volts? 


tions 


cal Calcula 


ctri 


Ele 


86 


ay} [uN 3uo[e poaAo[[oj 81 ‘4045 521125 25994 22107 Ајашти ‘aqe, eu) ur eui Je3uozLoq 3Ums əy} 
‘ээчэН ‘ОР 0 3429 1э4 QG S! YAYMA ‘QZZ Əq 0} Sl aBeIOa Mou eYL "3095 198 001 ралорг5чог S! SHOA (Fp UO 
ѕриед 3: ѕе J0jour aq; jeu) sueaurstq[, "Q0I зочшти 291 рипој 51 2205 52425 aspud 22411 papeeu uum]oo 
теоплал Зи оэзлэзит э43 лэрий рие 4215 521425 aspy 224 01 Surpuodsa1100 eur| [e3u02H0Q 912 2uo[e xoo'T 


*«**2* *g[a[[e1ed 9 oseqd oAT, 
* 7*7 '&[a[e1red g oseud oAT, 
ess әре y oseud oAT, 

-****'gjojre1ed g osequd oA, 
*sjorexsd z esequd оду, 
беен не ни 5 + ваџов 05894. ОМ, 
**'s3pp [erv1vd 9 osvqd oan, 
**" vpp [erexed g essqd- oorr, 
+ "вујер [98188 р о58ца 29141, 
+e "вцер јопехад 2 95644 голу], 
- тор 918134 2 əsvyd IL 
+++" "вујгр воцег баца гел, 
пен + д995 19] [6194 9 овца 2914, 
ке лађа [98194 9 9584 зо191, 
*1938 [23134 p 95844 29141, 
1938 {23284 g oseqd qL 
557772848 үә[үвїч z oseud oo1q[, 
+: >> -*- 1848 891198 958 ЦА oom, 


001| 021 
$8 | 007 
29 | 08 
0 | 09 
| се | 07 
LT | 0% 





~ 
о 
e 
oo 


£6 [T T 
02 | #8 
Ab | 98 
$5 | 85 
18 | 96 
89 
yg 


о о соо 
wo e ts o 
$2898 
OARS 
а оо 
1- 00 8 15 1- 
с 
© 


8 
n 
e 
e 
© 
< 
oo 
i 
~ 
~ 
3 
= 
~ 
о 
© 
~“ 








> 
c 
S 
я 


~ 
< 
тч 
о 
e 
с 
> 
со 
e 
+ 
oo 
м 
~ 
oo 
eo 
с № 
838538 
= 
S 
= 
s 
e 


e 
eo 
o 
© 
е 
© 
> 


~ ~ 
~ еч 
5 
a 
= 
а 
e 
N 
eo 
© 
8 
~ 
тч 


t- 
са 
о 
~ 
N 
= 
му 
~ 
a 
"4 
Ф 
я 
| 


5 





4 22141, | 


6013299905 jo 903 


arwivd z 
отаца од, 
12119184 g 











оваца 02141, 8 e 
- 


speied 6$ 
asuyd OMY, 
epered g 
оваца omy 
eed p 
өввҷа ом], 
$121323а 2 
99949 047, 
99544 ге1ц1, 
зеца 92141, 
98849 29145, 
esuud 92141, 
98944 99141, 
29844 59141, 
96944 22141. 
05944 22141, 
98944 22141, 
198 691198 
09944 29141, 


9994 




















vi[ap 991198 














1839 [2119134 9 
1939 [29194 $ 
294% [29:34 g 
1939 ј 8194 











в {эр 12113134 9 
м31эр [119194 g 
pep 1219294 $ 
эзәр {213134 $ 
} 2919 129139 © 


«IP 


Sasegd pue suonoeuuo) snoireA WA so3*)|oA 10)0JA 


Electrical Calculations 87 


desired figure,-50 is found, which is under the vertical heading ‘‘three phase 
2 parallel star." This is the correct answer: that is, if a motor be connected 
three phase series star for operation on 440 volts, it must be connected 
three phase 2 parallel star,as shown in fig.61,to operate correctly on 220 
volts. 


Frequency Changes.—For the same number of poles a change 
in frequency will cause the speed to vary directly as the fre- 
quency. 


SERIES STAR TWO PARALLEL STAR 


$ 


—— 220 VOLTS 





440 VOLTS 


220 VOLTS 





Fies. 60 and 61.— Winding diagrams illustrating a a 440 volt series star connected motor and 
f reconnection ior operation at 220 volts as described in the accompanying text. 


In making a frequency change if the speed is to remain the 
same, the number of poles must be changed in the same ratio as 
the frequency, or approximately so: 


Example.—If a motor have four poles and be operated on 25 cycles, it 
‘will have a synchronous-speed of 3,000 4-4 —750 r.p.m. If the motor is to 
have the same speed on 60 cycles, the nearest possible pole number is 10 
and the synchronous speed will be 7,200 -- 10 — 720 r.p.m. It is apparent 
that in very few cases of this kind is it possible to re-connect thesame 
winding. 
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Phase Changes.—The change most frequently desired is 
from two to three phases, or from three to two phases. 


Example.—A three phase 440 volt motor is to be reconnected for two 
phase 440 volts. What changes must be made? 


In the table on page:. 86. it is seen that the winding as it stands on 440 
volts is four pole three phase series delta.. Select the horizontal column 


3 PHASE SERIES DELTA’ 2 PHASE 2 PATH 





Cries. 62 and 63.—Winding diagrams illustrating a 440 volt series star connected motor and 
reconnection for two phase operation indicated in the table on page 86, the voltage is reduced 
to 308 volts. 


in the table marked three phase series delta and follow it across, looking 
for a vertical column showing the value 100, since the desired two phase 
voltage is the same as the present three phase voltage or 100 per cent. 
Inspection shows that there is no 100 under any twó phase connection. 
This indicates at once that a three phase series delta connected motor 


which is normally operated on 440 volts cannot be changed and operated 
on two phase 440 volts, without rewinding. , 
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Speed Changes.—The speed of an induction motor may be 
changed by regrouping the field coils for a different number 
of coil groups. In this connection it should be noted that an 
increase in the number of poles will decrease the speed, whereas, 
a decrease in the number of poles will increase the speed. 


To reverse a two phase four wire induction motor, inter- 
change the connections of the two leads on either phase. 
For a two phase three wire motor, interchange the two outside leads. 
For a three phase machine, interchange the connections of any two leads. 


Condensers 


It may be said that economical operation of a generating and 
distributing system is dependent on the maintenance of a rela- 
tively high power factor. 

In a plant the power factor may be improved to some ex- 
tent by re-arrangement of the motors so that they will operate 
more nearly at full load. 

There are two types of equipment available for correcting 
low power factor: 


1. Synchronous condenser; 
2. Static condenser. 


Low power factor operation results in increased losses in 
alternators, exciters, distribution lines, transformers, and in the 
consumer’s plant. 


NOTE.—The running fuse sizes given in contemporary tables are too small, and therefore 
a menace to polyphase motors. They should be eliminated, or if an over zealous inspection 
department insist that running fuses must be used, they should be at least 244 times the rating 
of the motor or more. The most satisfactory running fuses, or, those that will do the motor 
the least damage, are the so called “starting” fuses of these same tables, although they are 
possibly a little large.—Chapman. 
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The following formula gives the currents at various power 
factors that will be required to carry a 75 kw., 550 volt, single 
phase motor load: 


1. Watts 
E (95) P.F. 


These currents for power factor 100 to 50 are given in the 
following table: 


Currents for Various Power Factors 


% Power Factor.................. 100 90 80 70 60 50 
Current. ee ee 136.3 151.5 170.5 195 228 273 
а 75 83 94 107 125 150 


Another factor that this table shows well, is that at lower power factors, 
there is considerable line drop, which necessitates impressing over voltage 
at the. supply end; making the voltage regulation poor. E 


The regulation of transformers is approximately 1925 at unity* power 
‘factor, and 3% at 70% power factor. 


The effect of low power factor on the lines can best be shown 
by examples. 


Example.—Assume a distance of two miles and a load of 100 Aw. It 
is desired to deliver this load at about 2,300. volts, 3 phase, 60 cycles, 
with an energy loss of 10%. 


Each conductor at unity power factor would require an area of 
25,000 cir. mils; at „3 power factor, 30,820 cir. mils, while at .6 power 
factor, 69,500 cir. mils would be necessary. From this is will be seen 
that the investment in copper will have, to be nearly 2.8 times as much 
at .6 power factor.as at unity. If the same size wire were used at .6 as 
at unity, the ehergy loss would be 2.8 times the loss at unity, or 2895. 
Low lagging power factor on a system, therefore, will generally mean 
limited output of the prime movers, greatly reduced kilowatt capacity 
of alternators, transformers and lines, as well as increased energy losses. 
The regulation of ihe entire system will also be poor. 
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Power Factor Improvement—Table 1 


(The figures below X kilowatt input = leading Awa. required to improve from one power 
factor to another.) 


ORIGINAL DESIRED POWER FACTOR . ORIGINAL DESIRED POWER FACTOR 
POWER 2 - POWER ў 


95% | %% | 85% 


рее 
st 
© 


4.570 | 4.415 
4.327 | 4.171 
4.104 | 3.949 
3.902 | 3.747 
3.716 `| 3.561 


3.544 | 3.389 
3.385 | 3.229 
3.238 | 3.082 
3.100 | 2.944 
2.971 | 2.816 


2.851 | 2.696 
2.738 | 2.583 
2.632 | 2.476 
2.532 | 2.376 
"2.437 | 2.282 


2.347 | 2.192 
2.263 | 2107 
2.182 | 2027 
2.105 | 1.950 
9:032' | 1.877 


1.063 | 1.807 
1.740 
1.676 
1.615 


S ВЕРЕ 2828 


NNNMNN NNW E d 
toto $ 





Example.—Total kw. input of plant from watt meter reading 100 kw.ata power factor 
of 60%. The leading reactive kea necessary to raise the power factor to 90% is found by 
‘multiplying the 100 Aw. by the factor found in the table which is .849. 100 kw. X.849 =84.9 
kra: If static condensers be used, choose the standard unit nearest to 84.9. If synchronous 
motors be used, see example under the table on page 93. 
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Power 


Present 
Power Factor 





Factor Chart 


Percent Desired 
Reactive Kr-a ‘Power Factor 
400 


480 


no 
150 
о 
140 
ne 
120 
no 
108 
98 
го 
7 
60 
50 
40 — 
30 
го 
10 


o ] 
100% —-| 
Cos «Present Power Factor 
Cos8Desired PowerFactor әр 


C*Reactive kv-a in percent 
Lof present Aw load, 


C«tan &-tanB 


Fres..64.to 67.— 'Chartfor 'üse in determining the per cent reactive kva. required to raise 
thé power factor to a desired value. Example: To find the “per cent reactive kra.” neces- 
sary to raise the power factor from present power factor to desired power factor, lay a straight 
edge across the chart connecting these two values. Read the'reactive kva. in per cent ОЁ 


the present kw. load on the middle scale. 
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Example.—Assume a load of 450 kw. at .65 power factor. It is desired 
to raise the power factor to 9. What’ will be the rating of the condenser? 


Referring to the diagram, fig. 69., it is necessary to start with 450 
kw. At .65 power factor, ог 692 kea., this has a wattless lagging com- 
ponent of V692?—450?=525 kva. With the load unchanged and the 
power factor raised to .9, there will be 500 apparent kva., which will have 
a wattless component of “5002-450? =218 kya. 


It is obvious that the condenser must supply the difference between 
525 kva. and 218 kva. or 307 kva. A 300 kva. condenser would, there- 


fore, meet the requirements. 


Power Factor Improvement—Table 2 





NOTE.-—The figures in the table show the amount of reactive kva. for each kw. energy load 
at various power factors. For synchronous motors, the figures show the leading reactive koa. 
per kw. input. For induction motors or a load with lagging power factor, the figures show the 
lagging reactive kva. per kw. energy load. 


Example.—Refer to the table on page-.91. Assume improvement desired by substitution 
-8 power factor synchronous motor for induction motors. For each kw. load driven by induc- 
tion motors operating at average power factor of .6, the table shows there is 1.333 lagging 
reactive kva.For each kw. input in .8 power factor synchronous motor, the table shows a leading 
reactive kea. of .75. If .8 power factor synchronous motors replace .6 power factor induction 
motors, each &tw. in synchronous motors reduces the lagging reactive koa. 1.333-+.75 =2.083 kva. 
The total reduction necessary to improve the power factor is shown by the table on page91 
to be 84.9 koa, The capacity in .8 power factor synchronous motor required is 84.9 +2.083 = 
40.8 kw. A 50 h.p.—.8 power factor motor should be recommended. 


94 Electriéal Calculations 


E BU REI 
(NS 22 


39 931634 — 
уда: 


Gi.6 KVA 136.4 KVA CORRECTION 
198 КУА AT PRESENT (REACTIVE) 





Fic. 68.—Diagram for power factor correction as explained in the accompanying example. 
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tic. 69.—Diagram for synchronous condenser calculations. 
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able for power factor correction at different д.р. outputs. 
Assume motor field current is held constant at normal value. 
These curves are based on average values and therefore are 
approximate. 1, 1 p.f. belt driven motors; 2, .8 p.f. belt 
driven motors; 3, 1 p.f. air compressor motors; 





Fic. 70.—Curves for synchronous motors; reaction kva. avail- 
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Fra. 71.—Сигуез showing the amount of wattless component required to raise the power 
factor of a given tw. load to required higher value. The wattless components are expressed 
as percentages of the original kw. load. The numbers at the right ‘which indicate the 
points of tangency of the power factor curves to the 100 per cent. line, show the mount 
of wattless component required to raise a given kw. load of given lagging power factor to 
unity power factor. Obviously the addition of further wattless component in agiven case 
would result'in a leading power factor less than unity, 
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Fic. 72.—Curves showing determination of static condenser required to give desired cor- 
rection in power factor. Follow horizontal line corresponding to present power factor of 
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Calculations for Static Condensers.—The hea. of static con- 
densers required to correct any given power factor to any desired 
power factor is entirely dependent on the kw. load of the plant. 
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3000 
KW. ENERGY 


Fie. 73.—Chart showing the relation of energy load to apparent load and wattless compos. 
nents at different power factors. 


Example.—Present load=100 kw. at 45% power factor. Desired 
power factor =85%,. 


Present kva. = S = 222 ра. 


Present reactive kya. = V222?— 100? =198 kva. 


(G. 72.-Text continued. 

load until it intersects curve representing power factor desired. The vertical projection of 
this intersection on the base gives the size of condenser required in per cent of kw. load. 
Example.—Load 300 kw. Present power factor 60 per cent; power factor desired 90 per cent. 
Projection of intersection of 60 per cent power factor line with 90 Per cent power factor curve 
giver desired condenser as 84.9 per cent of 300 kw. or 255 koa. 
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Kva. at desired power factor = 192 =117.8 kva. б 


Reactive kva. at desired power factor = V117.8?— 100? =61.6 koa. 
Corrective effect needed = 198 —61.6 = 136.4. 
Size of standard condenser = 150 коа. 


Capacity in Micro-Farads per Mile of Circuit for Three Phase System 


inches, 
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Distribution Systems.—The inductive effect of one line upon 
another is equal to the algebraic sum of the fluxes due to the 
different conductors of the first line, considered separately, 
which link the secondary line. 

Inductance per Mile of Three Phase Circuit 


Distance 
| din 


inches, 
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INDUCTANCE IN MILLIHENRIES 
PER 1000 FEET OF CONDUCTOR 


SOLID CONDUCTORS 


Distance between centres (inches) 


97 | j . 
s .3185 |.3295 | 
2556 |.2803 |. .3224 |.3319 |.3535 „3646 





STRANDED CONDUCTORS 


Distance between centres (inches) 


|.2604 |.2851 .3025 | .3272 |.3447 |.3683 |.3693 .3788 4004 4115 
.2464 .2711 |- .2885 | 3132 |. -3307 |.3443 .3553 .3648 |.3864 |.3975 
"2381 | 2688 2812 |.3059 |.3234 |.3370 |.3480 .3575 .3791 [3902 
В ‚2565 | 2739 |.2986 |.3161 |.3297 |.3407 [3602 .3718 .3829 
|2118 Е |.2599 2846 | Ре .3157 |.3267 |.3862 .3578 .3689 


2495 .2669 .2916 |.3091 |.3227 |.3837 3362 [8518 [3759 


.2853 .2521. [2114 |. 3085 |.3195 .3290 .3506 .3617 
2304 |.2478 |.2725 2900 2036 |.3146 | 3241 .3457 |.3568 
12248 |.2422 .2669.|.2844 |.2980 |.3090 .3185 13401 |.3512 
.2201 |.2375. .2622 |.2797 |.2933 3048 | 3138 854 [5465 
.2161 |.2335 |.2582 |. .2898 .3425 
.2124 |.2298 |.2546 |. "2966 |.8061 3271 3388 
.2094 |.2268 |.2516 |. 12826 |.2936 [3031 .3247 (3358 





Resistances above are for Hard-drawn Copper having a conductivity of 97.3 
per cent. of thé International Annealed Copper Standard. These resistances do 
got allow for Skin Effect. 
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INDUCTIVE REACTANCE IN OHMS 
PER 1000 PEET OF CONDUCTOR 


SOLID CONDUCTORS FREQUENCY 60 CYCLES PER SECOND 


Distance between centres (inches) 


-14026 |.14686 |.15198 
„13493 |.14163 |.14666 |. 
-12961 |.13621 |.14134 
12429 |.13089 |. 


aed -13310 14125 .14643 
„11099 ,. „13044 |.13859 14277 

-12778 .13593 .14011 
-10571 11227 |. -12512 .18327 |.18745 





STRANDED CONDUCTORS FREQUENCY 60 CYCLES PER SECOND 


Distance between centres (inches) 
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INDUCTIVE REACTANCE IN OHMS 
PER 1000 FEET OF CONDUCTOR 


SOLID CONDUCTORS FREQUENCY 25 CYCLES PER SECOND 


Distance between centres (inches) 


.05846 |.06121 |.06335 |. 
.05624 |.05899 |.06113 |. 
05677 |.05891 |. 


PREBHOQR 


-06108 |. 

05997 06171 

05886 06060 
105949 


> согон 
=> 
5555 


204403 |.04678 |. 





STRANDED CONDUGTORS FREQUENCY 25 CYCLES PER SECOND 


Distance between centres (inches) 
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A three phase three wire transmission’ line spaced at the corners of an 
equilateral triangle as regards capacity acts precisely as though the neutral 
line were situated at the center of the triangle. 


The capacity of circuits is readily calculated by applying the following formulz: 
38.83 sc 107? . 
- Tog (D +4) (Dag) Per mile, insulated cable with lead sheath; 


38.83 Ж 10-3 
C= log (4h +d) .Per mile, single conductor with earth return; 


19.42 Х 10-3 
C= iog (A +d) Per mile of parallel conductors forming metallic circuit; 
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2106.74 to-77, — Triangles for.obtaining -graphically,.the impedance, impressed pressure, 

&tc., in alternating current citcuite. For ‘a full explanation of this method the reader is 

referred to Vol. 4, Chapter 48, on Alternating Current Diagrams in Audel’s Engineers and 
Mechanics Guide. 


in which 
QC »Capacity in micro-farads; for a metallic D 7 Inside diameter of lead sheath; 
circuit, C capacity between wires d «Diameter of conductor; 
ec «Specific inductive capacity of insulating h =Distance of conductors above ground; 
material; = 1 for arc, and 2.25 to 3.7 A Distance between wires. 


fcr rubber; 
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Frequency.—The number of cycles per second, or the fre- 
quency, has a direct effect upon the inductance reactance in an 
alternating current circuit, as is plainly seen- from the formula 


X;—-2xfL 


The natural period of a line, with distributed inductance 
and capacity, is approximately given by 


7,900 


P=—— 
VLC 

where L, is the total inductance in eS and C, the 
total сор in micro-fatads. 


Skin Effect.—In a conductor carrying alternating current, 
the current tends to flow near the circumference rather than through 
the center of the conductor. This is called skin effect. 


Approximate values of the effective resistance of straight 
copper conductors at 68° F. can be obtained by multiplying 
the actual ohmic resistance by factors given in the following 
table. 


Factors to Obtain Effective Resistance from 
Ohmic Resistance 
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To calculate skin effect, its area in circular mils multiplied 
oy the frequency gives the ratio of the wire's ohmic resistance to 
its combined resistance. 


That is to say, the factor thus obtained ‘multiplied by the resistance 
of the wire to direct current, will give its combined resistance or resistance 
to alternating current. 


The following table gives these ratio factors for large conductors, 


RATIO FACTOR FOR COMBINED RESISTANCE 


Cireulár rails X 
freqüency 


Circular mils x 
frequency 


80,000,000 

90,000,000 
100,000,000 
125,000,000 
150,000,000 
175,000,000 
200,000,000 


50,000,000 
60,000,000 
10,000,000 





Wires should be so spaced as to lessen the tendency to leak» 
age and lo prevent the wires swinging together or against towers. 


The following spacing is in accordance with average practice. 


SPACING FOR VARIOUS VOLTAGES 





Volts Spacing . | Volts: Spacing 


45,000 60ins. | · 90,000 
60,000 60 ins. 105,000 
75,000. 84 ins 120,000 


Volts Spacing 


5,000 
15,000 
30,000 


28 ins. 
40 ins. 
48 ins. 


.96 ins. 
108 ins. 
120ins. ' 
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The Three Circuits.—The transmission of alternating cur- 
rent power involves three separate circuits, one of which is 
composed of the wires forming the transmission line, while the 
others lie in the medium surrounding the wires. The constants 
of these circuits are interdependent; although any one may vary 
greatly from the others in magnitude. 








The following table gives a comparison of the three circuits. 






TOTAL DROP 
100 VOLTS 


1,000 VOLTS 


RESISTANCE 05 OHM 








COPPER = 1,000 


Fic. 78.—Single phase line, used as basis of comparison in obtaining the relative weights of 
copper required by polyphase systems, as indicated in figs. 79 ta 86. 


The Three Circuits 











The electric circuit The magnetic circuit The dielectric circuit 




















Current 7 
Voltage E = RI 
Electric power 


Magnetic fiux ¢ Dielectric flux y 
Magnetomotive force F = ni | Electromotive force E = Q/C 
Magnetic energy Dielectric enérgy 













Elastivity 1/K 
Elastance S 
Capacitance C = #/Е 
Reactance z = wh — 1/wC 
———————————Їшредапсе 2 = \/г? +х 


Resistivity Reluctivity 
Reluctance R 


Inductance L = $4 










Resistance R = W/I? 



















Conduétivity у Permeability » = В/Н Permittivity K 
g = W/E? | Permeance M = $/4=Р Permittance 

Conductance 5 (Capacitance) C 
g-r/z * Susceptance b = z/z*- 


———————Айпїйапсе уг уг=у+љЉ= Ма + 
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SINGLE PHASE COPPER 
TWO WIRE ` м 1,000 
SINGLE PHASE 
THREE WIRE Y 375 
TWO PHASE 
FOUR WIRE 
5000 
TWO PHASE 
THREE WIRE 


1457 
729 


THREE PHASE 
THREE WIRE 


STAR CONNECTED 750 


THREE PHASE 
THREE WIRE 750 
DELTA CONNECTED: d 









THREE PHASE 
FOUR WIRE 
STAR CONNECTED 


333 





4™ WIRE FULL SECTION 


THREE PHASE 
FOUR WIRE 


STAR GONNECTED 4™ WIRE ONE HALF SECTION 2212 





Fics. 79 to 86.—Circuit diagrams showing relative copper economy of various alternating 
surrent systems. 
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Choice of Voltage.—The most economical voltage for a trans- 
mission line depends on the length of the line and the cost of 
apparatus. 


No fixed rule can be estaplished for proper voltage based on 
the length, but the following table will serve as a guide: 


Usual Transmission Voltages 


Length of line Voltage 
in miles 


1 to 
2 to 
3 to 
0 to 
5 to 
0 to 
бо 
to 


1 
2 
3 
10 
15 
20 
40 
‚60 
100 


ге 
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D. C. Wiring Calculations | 


D. C. Wiring Calculations.—The Board of Underwriters 
specifies that the carrying capacity of a conductor is safe when 
the wire will conduct a certain current without becoming 
painfully hot. 


Circular mil=area of a circle ore mil (.001 in.) in diameter. 
Square mil= .001 X .001 = .000001 in. 
Mil foot =a volume one mil in diameter and one ft. long. 


Lamp foot =one 16 candle power lamp at a distance of one ft. from the 
point of supply. 


Ampere foot =the product of one ampere multiplied by one ft. 


The formula for size of wire is 


circular mils—_2mPeres x ft. x 21.6 
“drop” 


а О) 


Example.—What size wire should be used on a 250 volt circuit to 
transmit a current of 200 amperes a distance of 350 feet to a center of 
distribution with a loss of three per cent. under full load? 


The volts lost or drop is equal to 250 .03=7.5 volts. 
Substituting the given value in formula (1) 


350x200 X 21.6 
7.5 = 201,600 


Diameter = 201,600 =449 mils or .449 in. 





circular mils = 


From the table (on page 11) the nearest (larger) size of wire is 0000 B. 
W.G. or 0000 B. & S. gauge.* | 
*CAUTION.—The size thus obtained should be compared with the table of carrying cap- 


acity of wires as given on раве 125 to see if the wires would have to carry more than the 
allowable current. | 
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' B&S CM s 
VOLTS FEET OHMS GAUGE AMP. 
25,000 бо у = 
20 000 
7 3 
90 
70 а 
5 
5 
> 6 
1. 
8 
9 
19 10 
e 
6 
4 
20 
2 
30 
900 
г. х 
" = 
77300 eo 
то 
80 
90 
100 100 
ов 
56 
04 
200 
02 
309 
209 3 
4007 400 
005 
-200 





Fic. 87.—Chart tor calculating d.c. or a.c. wiring circuits of ordinary length and high power 
factor, such as for incandescent lamps. 


Example.—To find the size of wire to carry 10 amperes a distance of 
100 feet with a 2 volt drop. 


Solution.—First—Place a straight edge on 2 volts on volts scale and 
10 amperes on amperes scale. Read at point of intersection on ohms scale 
—which reading is 1.2 ohms. 
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Second—Place straight edge on 1.2 on ohms scale and 100 feet on feet 
scale and read at point of intersection on B. & S., C. M. Gauge—which 
reading is No. 10—the size of wire desired. 


After the wire size has been calculated it is necessary to determine 
whether this wire will safely carry the current. Safe carrying capacities of 
wires, as given in the ‘‘National Electrical Code’ of the National Board 
of Fire Underwriters, will be found in the table on page 125. 


From this table we find that 10 amperes is permissible for No. i0 wire 
with any type of insulation. 


Properties of Copper Wire 


Giving > weights, length and resistances of wires of Matthiessen’s Standard Conductivity for both 
. & S. (Brown & Shurpe Gauge) and B. У. G. (Birmingham Wire Gauge) from sections 
October $905. of. the Ameri'an Institute of Electrical Engineers. 





Gauges. To the nearest fourth significent digit. Length. Resistance. 














































Diameter. Area, "Т, Feet per lb. | per Рё feet. 
— m - per 1,000 feet. 
1: 
в.&8, |В.%/,С, Inches. Са E 
211,600 






206,100 623.9 1.603 105023 
180,600 : 05732 


167,800 : 
144,400 437. 1 2.288 .07170 
133,100 .07780 


115,600 
105,500 319. 5 3.130 „09811 
90,000 а 
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Properties of Copper Wire 
(Continued) 






Gauges. To the nearest fourth significent digit. 


te 
| Das. | В. №, С. | Тпевеа. 


| Resistance | 












А 26,250 
0.1480 21,900 








3 20,820 
5 17,960 
8 0.1285 16,510 






14,400 


13,090 
11,880 
10,380 


9,025 
8,234 
6,889 


6,530 
5,184 
5,178 


4,225 
4,107 
3,364 






















0.08300 


0.08081 
0.07200 
0.07196 


0.06500 
0.06408 
0.0580 


0.05707 
0.05082 
0.04900 
0.045260 
0.042000 
0.040300 



































0.031960 
0.028460 
0.028000 
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Properties of Copper Wire 
(Concluded) 


Gaug.. To the nearest fourth significent digit. 


0.015940 
0.014200 
0.014000 


0.013000 
C.012640 
0.012000 


0.011260 
0.010030 
0.010000 


0.009000 
0.008928 
0.008000 
0.007950 


0.007080 
0.007000 


0.006305 
0.005615 
0.005000 


588 #28 28 


SP set 
Raa 


2 . 26,500 
0.003145 К | 33.410 





NOTE—It should be noted that the Underwriters prohibit the use of wire smaller than No. 
H B. & S. gauge, excent as allowed for fixture work and pendant cord. 
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' Table of Various Wire Gauges 














5 : d. Ея S z 
5 ы Ea mud S £g 542 = 5 
58 сва | 880 | БЕБЕ. Eu $24 iis 566 59 
ПИЕТЕ АЧ ТЕГЕ ЗЕ 
58 | 22608 | Es | $361 | ре = | 455 | ба | 28 
28 |5 258 | 2288 | 24 | og | set | OC | AE 
0000000 .500 0000000 
000000 .460 464 000000 
00000 .430 .450 .432 00000 
0000 .46000 .454 .393 .400 .400 0000 
000 .40964 .425 .362 .360 .3586 .372 000 - 
00 .36480 .380 .331 .330 .3282 .348 00 
0 .32486 .340 .307 .305 | .2994 .324 0 
1 .28930 .300 .283 .285 .2777 .300 1 
2 .25763 .284 .263 .265 .2591 .276 2 
3 - 22942 .259 .244 .245 .2401 .252 3 
4 .20431 .238 .225 .225 .2230 : .232 4 
5 ‚18194 .220 .207 .205 .2047 .212 5 
6 16202 .203 .192 190 1885 192 6 
7 14428 180 177 175 1758 176 7 
8 12849 165 «162 160. 1605 160 8 
9 . 11443 .148 148 145 1471 144 9 
10 .10189 .134 .135 .130 .1351 .128 16 
11 .090742 .120 .120 .1175 .1205 .116 11 
12 .080808 .109 .105 .1050 1065 104 12 
13 .071961 095 .0920 0925 0928 0920 13 
14 .064084 .083 -0800 .0800 .0816 -08300 . 0800 14 
15 .057068 .072 .0720 .0700 .0726 : 107200 .0720 15 
16 .050820 065 .0630 .0610 .0627 06500 .0640 16 
17 045257 058 „0540 .0525 .0546 .0560 1 
18 040303 049 ‚0470 .0450 .0478 04900 .0480 1 
19 035890 042 .0410 .0400 0411 04000 .0400 19 
20 031961 035 .0350 0350 .0351 03500 .0360 20 
21 028462 032 .0320 .0310 .0321 03150 .0320 21 
22 025347 028 .0280 .0280 .0290 02950 .0280 22 
23 022571 025 .0250 .0250 .0261 02700 .0240 23 
24 020100 022 .0230 .0225 .0231 02500 .0220 24 
25 017900 020 .0200 .0200 .0212 02300 .0200 25 
26 015940 018 .0180 .0180 .0194 02050 .0180 26 
27 014195 016 .0170 .0170 .0182 01875 .0164 27 
28 012641 014 .0160 .0160 .0170 01650 .0148 28 
29 011257 013 .0150 .0150 .0163 | 01550 .0136 29 
30 010025 012 .0140 .0140 .0156 01375 .0124 30 
31 008928 010 0130 .0130 .0146 01225 0116 31 
32 007950 009 0120 .0120 .0136 01125 0108 32 
33 007080 008 0110 .0110 .0130 01025 0100 33 
34 006305 007 0100 [ .0100 .0118 009-0 0092 34 
35 005615 005 0095 | .0095 .0109 00900 0084 35 
36 005000 004 0090 .0090 .0100 00750 0076 36 
37 004453 0085 .0085 .0095 00650 0068 37 
38 003965 5 0080 0080 .0090 00575 0066 38 
39 .003531 .0075 .0075 .0083 .00500 .0052 39 
40 .003145 .0070 .0070 .0078 .00450 .0048 40 
41 .0044 41 
42 .0040 42 





NOTE.— The sizes of wire are ordinarily expressed by an arbitrary series of numbers. 
Unfortunately there are several independent numbering methods, so that it is always necessary 
to specify the method or wire gauge used. The above table gives the numbers and diameters 
in decimal parts of an inch for the various wire gauges in general use. 
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To facilitate finding the equivalent sizes the accompanying table of 
wire equivalents has been prepared. 


Table of Wire Equivalents 





n NUMBER OF WIRES ү 


288 

т] 
++++++ 
оче ~ о 


0 
1 
2 
3 
4 
5 
6 
1 
8 
9 
0 
1 





Figuring in Watts Instead of Amperes.—The power reguired 
lo operate most electrical appliances is marked in watts. 


The proper size of wire for a 660 watt circuit will depend upon the 
voltage for which the lamps are made. For example: a 16 candle power 
lamp which consumes 56 watts on 110 volt circuit will take, 56+110=.5 
or }4 ampere of current, while the same lamp, if made for 220 volts, will 
take only 55+220=.25 or 14 ampere. Therefore, eleven 16 candle power 
56 watt lamps will require a current of 514 amperes at 110 volts, or 224 
amperes at 220 volts. 
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TABLE FOR TAPS, BRIDGES OR OTHER WIRES AT 
. NEGLIGIBLE DROP: 










о |з |а 2 [314 еш то]: ШЕ 
4 52 У.| 300 
1чо,у.| т.2801 


260/200 
1085860 


mum too m 65| 50| 3 24! 15] 9 
680|560|335|345 2801220 тбоүоо|бо 40 





с 








25 









NOTE.—In using this table, it is only necessary to calculate tne lamp feet of the tap and 
take the size of wire corresponding to the nearest greater number of lamp feet in the table. 
The lamp feet specified by this table should not be exceeded by more than 10 per cent. Thus, 
if a tap measure 108 iamp feet, in 110 volt lamps, No. 12 wire wauld be used, but if ic 
measure 115 lamp feet, it would be advisable to use No. 10 wire. 


In calculating a three wire installation proceed as follows:— 


Кхатрїе.—1Г1 in calculating a three wire feeder, the over all voltage 
be 220 volts, the drop=4.4 volts, twice the distance =400 feet, and the 
current = 20.5 amperes, then, 


4.4 volts 
400 feet 20.5 amperes 


In the table of the properties of copper wire which gives the resistance 
of various sizes of wire, it will be noted that at all of the given tempera- 
tures No. 8 wire has a resistance greater than the value just calculated, 
therefore, No. 6 B. & S. gauge wire should be used .for the outer wires 
of the feeder. In the table the resistance is given per 1,000 feet, hence 

„it is only necessary to move the decimal point to obtain the resistance 
per foot. This table is shown on pages 111 to 113. 


=.0005366 ohms per foot. 


If the calculation be based on the lamp voltage, 110 volts, 
the formula (1) must be modified to 
drop x4 


sz- =resistance....... Se rn „(2 
2 x distance X amperes i e 


In this case, drop —2.2 volts, 2xdistance —400 feet, and 
current =41 amperes, then. 
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2.2 voltsx4 — — 88 _ (005366 ohm. 


400 {ееё Х41 атр. 16,400 





Size of the Neutral Wire.—In three wire circuits, the size 
of the neutral wire will depend to a great extent upon operating 
conditions. In the case of installations which occasionally have 
to be worked as two wire systems, the cross section of the 
neutral wire should be equal to the combined cross section of 
the two outer wires. 


Figuring in Watt Feet.—By definition a watt foot is the 


product of one watt multiplied by one foot; it is a convenient unit 
for quick calculation with the aid of tables. 


30 Volts 


Rule.—To find the size of wire to carry a given number of watts a given 
distance, on 30 volt circuits, multiply the distance in feet by the total number 
of watts to be carried (thus obtaining the watt feet), and use the size of wire 
tn the table specified for the nearest number of watt feet. 


Table of Watt Feet for 30 Volts 


Between Oand 18,870 watt ft. use No. 12 wire 
* 18,870 * 29,000 * “ « « jg « 
а 29,000 “ 46,545 “ “ « a 8 а 
а 46,545 “ 73,018 “4 4 «u = ви 
a T3018. 29016; 363 28> аага 
s 116,363 “ 186,180 “ * «u “u 28 
а, 186,180 “ 232,727 “ ч «u «u | g 
K 232,727 * 290,000 ч “чи Q « 
“ 290,000. 4 372.362 чи 24, 500) 74 


Example.—Ten 20 watt lamps are to be installed in a barn 200 ft. 
distant. What size wire is required for a 30 volt circuit? 


FILM tO деш watt ft. Nearest size wire from table js 
o. 8. 
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110 Volts 
is multiply either the watts 


Rule,—In using the table just given for 110 vol 
or the distance by 324, because for a given load ‘the current is reduced 


1104-30 —324 times as compared with 30 volts. 


— 


A. C. Wiring Calculations 


The formula for size of wire for a.c. circuits is 


| circular mils = ш о feet x M (1) 
% loss X volts’ ‘`` 


in which M, is a coefficient which has various values according 
to the kind of circuit and value of the power factor. These 


values are given in the following table: 


Values of M. 


‘POWER FACTOR. 


SYSTEM 


80] 3,840] 4,400] 5,112] 6,000 


Г 7 
Single phase 2,160) 2,249) 2,400 2,660] 3,000) 3,3 
TA Z 4,080] 1,125] 1,200] 1,330] 1,500 1,690] 1,920] 2,200] 2,556 3,000 
4 wire ү 
тее ph 1,080] 1,125] 1,2001 1,330] 1,500 1,690 |1,920 | 2,200) 2,556 3,000 
3 wire 





== == 
, NOTE.—The above table is calculated as follows: For single phase M =2,160 +power 
factor? X100; for two phase four wire, or three phase three wire, M = 14 (2,160 ~power fac- 
tor?) 100. Thus the value of M, for a single phase line with power factor .95 22,160 4.951 x 


100=2,382, 
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It must be evident that. when 2,160 is taken as the value of 
M, formula 1l applies to a two wire direct current circuit and 
also to a single phase alternating current circuit when the 
power factor is unity. 

In the table the ‘value of M, for any particular power factor 
is found by dividing 2,160 by the square of that power factor 
for single phase and twice the square of the power factor for 
two phase and three phase. 

Since the two phase system is virtually two single phase sys- 
tems, the four wires of the two phase.system are half the size 
of the two wires of the single phase system, and accordingly, 
the weight is the same for either system, when the load, volt- 
age and power factor are the same in each case. 


*Values of T. 





Power Factus 













Single phase.......... .98 .90 У $ 
|Two phase, 4 wire..... 2.00 | 1.96 | 1.80 | 1.60 | 1.40 
| Three phase, 3 wires...| 1.73 1.70 1.55 1.38 1.21 


( 


Although there is no saving in copper in using two phases, 
the two phase system has the advantage over the one phase 
system in that it is more desirable on power circuits, because 
two phase motors are self-starting. 


*NOTE.—This table is for finding the value of the current in line, using the formula ,I « 
ҮҮ (Е ХТ), іп which 1 =current in line; E=voltage between main conductors at receiving 
or consumers’ end; W=watts. For instance, what is the current in a two phase line trans- 
mitting 1,000 watts at 550 volts, power factor .80? 1 = 1,000 + (550 X1.60) 21.13. 


ay SS —— ——ÀX — n — ]À 
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` Example.—What size wires must be used ôn a single phase circuit 
200 feet in length to supply 30 kw. at 220 volts with loss of 4%, the power 
factor being .9? 


The-formula for circular mils is 


watts X feet X M (1) 


circular mice SU vole PO ce erro DR ...... .... 


Substituting the given values and the proper value of М from the 


table in (1) 
30,000 200 x 2,660 


u ils = = 82.438 
circwar mils 45220: 


Referring to the table of the properties of copper wire, on pages. ATL 
to 113 the nearest larger size wire is No. 1 B. & S. gauge having an area of 
83.690 circular mils. З 


Drop.—In order to determine the drop or volts lost in the 
line, the following formula may be used: 


dop ee vol 0) 


in which the % loss is a percentage of the applied power, that 
is, the power delivered to the consumer and not a percentage of 
the power at the alternator. ‘Volts’ is the pressure at the 
consumer’s end of the circuit. у 

Example.—A circuit supplying current at 440 volts, 60 frequency, 


with 5% loss and .8 power factor is composed of No. 2 B. & S. gauge wires 
. spaced one foot apart. What is the drop in the line? 


According to the formula 


96 loss X volts 
и = 


Substituting the given values, and value of S, as obtained from the 
table for frequency 60 


xs 


Eiectrical Calculations 121 








_5х440 


арау 


X1=22 volts 





Value of ''S" for 60 Cycles 


oped ерее рее 


1.21 Ка 1.77 1.92 
1.48) 


1571. 
84141 





Additional Wiring Formuize.— For most practical purposes 
the following formule can be used to determine the size of 
copper conductors, current per wire, and weight of copper per 
circuit for any system of electrical distribution. 


DxW 


Area of wire in circular mils = 2—2 
PXE? 


K 


Current in main wire = W T. P= ME K 
E ст ЖЕ? 
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Value of ‘‘S” for 25 Cycles 


88 
3 


000 
600 
800 


= 
== 
ач 
a 
8 


TES 
£8 


E] 





А D? xWxKxA 
Weight of -——ÓÀ———— ds. 
eight of copper PE? 1,000, pounds 


In these equations the symbols used denote the following 
quantities: 
W =total watts delivered 
D =distance of transmission, one way in feet: 


E- voltage between main wires at the receiving or consumers' end of 
circuit 


P —1oss in line in per cent. of power delivered, i.e. of W, this being a 
whole number. K, T and A, are constants given in the following table: 


Wiring Formulæ Constants 























Per Cent. Power Factor 


System Values of A Per Cent. Power Factor 
[xe [ 9 | o [ s | so prof os p fee 


- scle | 2160 | 2400 | 2060 | 3000 | 3380 | 1.00 117 |2225 
p 15:08 | 1080 | 1200 | 1330 | 1500 | 1690 | .50 БО 5 
a-phase-4 wite.| 12-08 | 1080 | 1200 | 1880 | 1500 | 1600 | .55 58 | : 
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‘Physical Properties of үш Aluminum, Iron and Steel Wire 


Canductivity, Ma hi 
Ohms per mil-foot at 6 
(K) 


ани co-efficient per degrees 
C. Mean values 
Specific gravity. Mean values. . E 
Pounds per 1,000 feet per circular mil. 
Weight, in pounds per cubic inch 
Specific heat. Mean values 
elting point in degrees F. Mean 
values.. 
Melting point, in ET с. Mean 
values 


Degrees 
Mean ‘co-efficient of, linear expansion. 


Son Wikg 
Pounds per. 
aquare inch Elastic limit....... 


Modulus of elasticity) 


Tensile strength, .~ 
Concentaicy 
STRAND UA 
Pounds per  |Elastic limit 
square inch 


Modulus of elasticity 


К 62.9 
88,200 832,000 
cir. mils | Cir. mils 
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= 


119.7 
632,000 
cir. mils 


D. C. Motors.—The proper size of wire may be readily deter- 


circular mils = 


in which 


mined by means of the following formula: 


ЕХОХК 


H.P.X746 XL X21.6 
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H.P. - horse power of motor: 
746 — watts per H.P.: 


L=length of motor circuit from fuse block to motor; 
21.6=ohms per foot run in circuit where wires are one mil in diameter; 
E=voltage at the motor; 
D —drop in percentage of the voltage at the motor; 
K =efficiency of the motor expressed as a decimal. 
The average values for K, are about as follows: 1 H.P., .75; 3 H.P., .80; 
5 H.P., .80; 10 H.P. and over, 90 per cent. 


Example.—What is the proper size of wire for a 10 h.p., 220 volt motor 
with 2% drop on 200 ft. circuit? 


Substituting the given values in the above formula: 
: 3, .10X746X200xX21.6 ,. 
le А ER = ў 
circular mils 220x4 4X 9 36,992 
The nearest larger value to this result, in the table 


of carrying capacities 
of copper wire (page 125 ), is 41,740, corresponding to No. 4 wire, B. & 
S. gauge. 


A. C. Motors.—If the efficiency and power factor of an 


а.с. motor at a given horse power load be known, the current 
in amperes per phase which will be required to drive the motor 
at rated voltage is given by the formula: 


horse power x 746 
amperes- —————————  _— 
К x volts x efficiency x power factor 





in. which 
K —1 for single phase; 
=2 for two phase, four wire system, 
= УЗ Гог three phase, three wire system. 


Example.—A 50 horse power, 440 voit motor has a full load efficiency 
of .9 and power factor of .8. How much current is required: 1, for single 
phase motor; 2. for three phase. three wire motor? 


125 
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1. For single phase motor. 
Substituting in the formula and taking K=1 


; 50x 746 
_ __50Х746 _ 117. 
amperes ооо 


2. For three phase, three wire motor. 


Substituting in the formula and taking K=V3=1.73 
50x 746 


173x440x.9x.8 "078 


amperes = 


Table of Amperes per Motor 


Watts Input. 50 Volts. 100 Volts. 220 Volts. 500 Volts, 
800 16. 1 4 


32 
60 


93 
133 
176 
264 


Бабр Bkatoawn 


333 S888 8889 RAZ 


А; 
125 Ye. 250 Ve. 500 Ye. H-P. 
240° 120 60 
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Example.—A 50 horse power single phase 440 volt motor, having a 
full load efficiency of .92 and power factor of .8, is to be operated at a 
distance of 1,000 feet from the alternator. The wires are to be spaced 
6 inches apart and the frequency is 60, and % of loss 5. Determine: A, 
electrical horse power ; B, watts; C, apparent load; D, current; E, size of wires; 
F, drop; G, voltage at the alternator, 


A. Electrical horse power 


EHP. brake horse power _ 50 з 
efficiency 92 
ог, 
54.3 X746 =40,508 watts 
В. Watts 
watts = E.H.P. x 746 =54.3 746 = 40,508 
С. Apparent load 
apparent load or kua = actual load or watts _ 40,508 =50,635 
power factor 8 
D. current 
Curent apparent load or kva 20,635 _ 1 15 am peres 


volts 440 


E. Size of wires 


watts X feet XM _ 40,508 X 1,000 Х 3,380 


cir. mils = aa 
a % loss X volts? = 5X 4402 


= 141,443 


From table page 111, nearest size larger wireis No. 000 B. & S. gauge 





F. Drop 
5X440 
drop = 2108s Xvolts „5 _ -X1.17=25.74 volts. 
100 100 


NOTE.—Values of S are given on page 121 
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а. Voliage ai alternator 


| alternator pressure = volts at motor-+drop = 440-+25.74 = 125.7 volts 


The following table gives minimum size wire for d.c. motor 
wiring when wires are concealed or partly concealed, also good 
practice for open wires. 


Minimum Wire Sizes for D.C. Motors 
(Western Electric Co.) 


Size wire B. & S. Gauge Size wire B. & S. Gauge 

30 110 220 30 110 220 

H.P. volts volts volts H.P. volts volts volts 
Ihe M A : 3 > 10 14 
и 14 Е е 4 vs 8 12 
16 10 14 14 5 A 6 10 
1 8 14 14 ту ae 4 8 
2 45 12 14 10. Ne 3 6 


This table shows only safe size of wire to avoid overheating. · If motor 
be over 30 ft. from dynamo, larger wire ruust be used, Find amperes in 
the table which follows and select size of wire by using the table of watt 
ft., page. 117 ,. dividing the watt ft., by the proper factor for voltages other 
than 30. 


Approximate Amperes Taken at 30 Volts 





— — —Motors ——Мазйа Lamps— 
Horsepower Amperes Watts Amperes 
he 2% 10 8 
и 5 20 7 
м 9 40 1.3 
% 16 75. 2.5 
1 30 ea Bee 
Amperes Amperes 
} in. 4 blade fan motors...... .80 Coffee percolator .........:14.0 
12 in.. 6 blade'fan motors. ...1.00 Water heater............... 15.6 
Манго о. 16.4 Soldering iron.............. 10.0 
Roaster: ее 15.0 Cleaner 25 5 ee e 4.0 
Jse heater неа 15.0 Washing machine........... 8.0 


Vater heater сл јал 9.4 Sewing machine. ........... .66 


——— — — - = = ———- = ——— 
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Data Relating to Standard Annealed & Cleaned 
Bare Copper Cable Stranded 


Approximate Values 


Diameter Diameter Welght Area Strand | Resistance 
НИ Esch Wire, | of Strand, | рро 1.000 | рег Mile, Square, г 1.000 
Е aches 


inches nds Pounds Inches 


rubus 


88 


882 
S888 88888 88888 88888 


85 88825 BS 


6505. 
5692. 
4873. 
4060. 


3416.7 
2709.7 
2143.2 
1698.6 
1347.5. 


1068.7 
847.4 
672.1 
422.4 


265.6 
166.8 
105.1 

66.0 


BRE BSS 
338 8 
8 


RBS BEES! 


BEES SNS 





NUNN YNN мыз 


Construction of Stranded Copper Conductors 
To ascertain the diameter of the wires in a cable of any given capacity, divide the circular mils, 
capacity of the cable by the number of wires in the strand and extract the square root of the quotie 
The result thus obtained gives the diameter in mils. of the wires com, ing the strand. 
To ascertain the diameter of a concentric strand of 7, 19, 37, 61, ен or 169 wires: 
7 wire strand, diameter equals 3 times diameter wires composing strand 
19 wire strand, diameter equals 5 times diameter wires composing strand 
37 wire strand, diameter equals 7 times diameter wires composing strand 
61 wire strand, diameter equals 9 times diameter wires composing strand 
91 wire strand, diameter equals 11 times diameter wires composing strand 
127 wire strand, diameter equals 13 times diameter wires composing strand 
169 wire strand, diameter equals 15 times diameter wires composing strand 

The diz meter of a 49-wire conductor, rope lay (7x7), equals 9 times the diameter of the individual 
med the diameter of a conductor of 133 wires (7x19) equals 15 times the diameter of the indi- 
vidual wires. 

To ascertain in circular mils. the capacity of a cable of which the number and diameter of the 
component wires are given, square the diameter (in mils.) of the individual wires and multiply the 
product by the number of wires in the strand. 

All rules and data here given are based upon strands in which all of the individual wires are of 
the same size. The use of two or more different sizes of wire in the same strand complicates the sub- 
ject to such an extent as to prevent giving specific instruction or rules. . 
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Current per Phase in Motor Circuits 


"n 110 Volts 220 Volts 449 Volts 


2-ph. 3-ph. 1-ph. 2-ph. 3-ph. eph. 2-ph. 3-pb. 


1 12.72 5.57 6.43 6 36 2.78 3.22 | 3 18 139 161 
2 23.80 10.10 11.54 11.90 5.05 5.77 5 95 2 52 2 89 
3 34 30 14 24 16.44 17.15 7.12 8.22 |. 853 3 56 4 11 
5 52.30 22.92 26.50 26.15 11.46 13.25 13 07 5 73 6 63 
7% 68.75 34.42 39.70 34.37 17.21 19.85 17 19 8 60 9 93 
10 90.60 45.30 52.40 45,30 22.65 26.20 22.65 11 32 13 lu 
16 132.8 66.40 76 80 66:4. 33 20 38.40 33 2 16 60 19.20 
20 175.2 87.4 101.3 87 6 43 70 50.7 43.8 21 85 | 25.35 
25 219.0 109.6 1267 109 5 54.8 63.4 64 7 27.4 31.70 
30 263.0 131.5 152.0 131.5 65 8 76 0 65 8 32.9 38.0 
35 321.0 160.5 185.8 | 1605 80.2 92.9 80 0 40.1 46.4 
0 350.0 175.0 202.1 175.0 87.5 101.0 875 43.7 50.5 
45 394.0 197.0 227.6 197.0 98.5 113.8 98 5 49.3 56.9 
50 428.0 214.0 247.2 214.0 107.0 123.6 107 0 53.5 61.8 
60 513.0 256.5 206.2 256.5 128.2 148.1 128.2 64.1 74.1 
70 611.0 306.0 353.0 305.5 153.0 176.5 152 7 76.3 88 3 
75 656.0 328.0 379.1 328.0 164.0 189.5 164 0 82 0 94,7 


DAS. 


Electrical Calculations 133 





Elevators 


Roping.—The simplest roping or hitch is 1:1,shown in fig. 88. 
Here the peripheral velocity of the rope sheave is equal to the 
elevator speed. With 2:1 roping the peripheral velocity of the 
rope sheave is twice the elevator speed. 


2:1 roping gives, usually, twice the capacity at half the speed. Thus 
an elevator rated 2,500 Ibs. at 300 f.p.m. 1:1 roping could be roped 2:1 
to carry 5,000 Ibs. at 150 f.p.m. See fig. 89. 

Gearless machines are 1:1 roped for 600 f.p.m. and above. For 500 or 
450 f.p.m. they may be either 2:1 or 1:1. For 400 f.p.m. they are almost 
always 2:1 roped. The selection of one or the other depends on the speed 
and duty. 1:1 roping is sometimes called ‘‘direct hitch” or “straight 
hitch.” р 


The object of using 2:1 roping instead of 1:1 roping in cer- 
tain cases is to get the advantage of the lower first cost of the 
higher speed driving unit. 

Thus, for example, an elevator rated 10,000 lbs. at 100 f.p.m. would 
have a lower first cost if it used a hoisting machine with a combination 
of gear ratio and sheave diameter suitable for 5,000 Ibs. at 200 f.p.m. 
and roped 2:1 than if the hoisting machine were built with a gear ratio 


suitable for 100 f.p.m. and a load of 10,000 lbs. Such a machine could 
not be built economically with a single worm and gear. 


A compound geared machine, that is a worm geared machine with an 
additional spur gear reduction, roped 1:1, could be used instead of the 
single geared machine roped 2:1, and there are certain cases, especially 
where the elevator speed does not exceed 100 f. p.m. where a compound 
geared arrangement is preferred. 


Extension of Elevator Ropes.—This acts in the case of sud- 
den stopping or starting of a load attached to a wire rope to 
ease the stress a little. In the case of a short rope the elastic 
extension is small, but it increases proportionally to the in- 
crease in length of rope. This needs to be given due weight 
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POWER SHAFT 


Fic. 88.—Direct (1:1) traction drive or 
method of transmitting power from the 
power unit to the car by means of fric- 
tional contact of the rope in passing one 
or more times around the drive pulley. 
This arrangement, since it does not em- 
nloy a drum where size has to be consid- 
ered, can be used for lifts of any height, 
and is the prevailing type today. 





COUNTER WEIGHT 


DRIVE 





REDUCTION 
PULLEYS 


Fic. 89. — Geared, or 2:1 ffiction 
drive, or frictional contact trans- 
mission with reduction gear pul. 

EIGHT leys—a type used for moderate 
speed elevators. 


COUNTER 
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Extension of Elevator Ropes 
(According to American Steel & Wire Co.) 











Length of rope Extension for cast steel | Extension for plow steel 

in feet rope in feet in feet 

500 0.833 1.000 
1000 1.667 2.000 
1500 : 2.500 3.000 
2000 3.333 4.000 
2500 4.167 5.000 
3000 5.000 6.000 
3500 5.833 7.000 
4000 6.667 8.000 
4500 7.500 9.000 
5000 `. 8.333 10.000 





in any problem involving fast acceleration, jerks or shocks on 
a wire cable and the final safety factor should take into con- 
sideration these points. 





Horse Power.—The horse power required for an elevator 
motor is 


LxS 


horse power — E 33,000 


in which 


L —-unbalanced load in pounds; 
S zspeed of elevator in feet per ininute; 
E « efficiency of the system generally taken at 5092. 


Example—What size motor will be required for an elevator having am 
unbalanced load of 2,000 lbs. 400 ft. per minute speed and overall effie 
ciency of 50%? 
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2,000 х 400 


5 X33,000 B 


horse power = 


_ Example—A certain elevator has a capacity of 3,000 lbs.; car speed 200 
ft. per minute and with 1,000 Ibs. over counter-weight; 65% overall effi- 
ciency. Determine from chart the sìze of motor required, 


The net load to be lifted will be 2,000 lbs. The diagonal line for 2,000 
Ibs. cuts the 200 ft. per minute vertical line at the horizontal line which 


SPEED OF CAR IN FEET PER MINUTE 





Fxo. 90.—Elevator motor horse power diagram. "Three factors determine the horse power 
of the motor that should be used, namely, the weight to be. hoisted, the speed of travel 
and the efficiency of the elevator. In the diagram, the efficiency of the elevator is assumed 
to be 50 per cent. To determine the proper size motor to use in any case follow the diag- 
onalline corresponding to the unbalanced load up to *he point where it crosses the vertical 
line corresponding to the speed desired. The horizontal line at this point will indicate 
the horse power of motor required. 


corresponds to about 25 h.p. This will be the size of the motor required if 

the overall efficiency of the elevator be 50%. If 65% be the known effici- 
ency, the required horse power will be less. 

Бы 

h == Х— =19. Ў 

огѕе ромег 5 х "65 19.2, say 20 
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In the following formula for the determination of torque 
required to start an elevator, the starting efficiency has been 
assumed at 20 per cent as outlined below. 


If this efficiency in any case be lower, the elevator will not start with 
the torque as derived by thé formula. 


If the efficiency be greater and allowance be not made in the formula, the 
derived torque may be so great that the start will be abrupt unless some 


control arrangement, external to the motor, be included to reduce the 
initial torque. 


T= 5,252XL XSx24 
33,000 X .5 X r.b.m. 


= 8х1,х5 
трт. 


in which 


T=Torque in pounds at one ft. radius on the motor shaft. 
L=Net load in pounds. 


S=Full speed of elevator in ft; per min. 
7.p.m.=Full load speed of motor selected. 


NOTE.—Power required for traveling cranes and hoists. Ulrich Peters, in Machinery, 
November, 1907, develops a series of formulz for the power required to hoist and to move 
trolleys on cranes. The following is a brief abstract. Resistance to be overcome in moving 
а trolley or crane bridge. P.=rolling friction of trolley wheels, P: = journal friction of wheels 
or axles, P; =inertia of trolley and load. P =sum of these resistances = 
. FitFed У з 
®+Р,+Р: = (Т4+1) Е +m) in which T =weight of trolley, L = load, Fi =coeffi- 


sient of rolling friction, about .002 (.001 to .003 for cast iron or steel); Fs =coefficient of journal 
‘riction, =.1 for starting and .O1 for running, assuming a load on brasses of 1,000 to 3,000 
3ounds per square inch; (F2 is more apt to be .05 unless the lubrication be perfect); d -diam- 
:ter of journal; D =diameter of wheels; V =trolley speed in feet per minute; t =time in seconds 
n which the trolley under full load is required to come to the maximum speed. Horse power = 
win of resistances Xspeed in feet per minute +33,000. Force required for hoisting and lowering: 
*h =actual hoisting force, F° =theoretical force or pull, L =load, V =speed in feet per minute 
of the rope or chain, ¢ =hoisting speed of the load L, c +V =transmission ratio of the hoist, 
· efficiency » F*-- F^. The actual work to raise the load per minute =FhV =Lc =F°V +e. 
Che efficiency e, is the product of the efficiencies of all the several parts of the hoisting mechan- 
sm, such as pulleys, windlass, gearing, etc. Methods of calculating these efficiencies, with 
xamples, are given at length in the original paper by Mr. Peters. 
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Telpher Motors.—The sizes of motor for telphers and hoists 
will depend upon the class of work to be done; the motors for 
telpher tractors vary from 5 to 15 k.p. and for the hoists, from 
3 to 75 h.p., the loads being from 500 Ibs. to 30,000 Ibs. The 
load factor for the tractor motor is .25 and for the hoisting 
motor .16. The driving wheels and the motors may be 
connected by gears or by chain drive. "The maximum service 
efficiency of the motors is that corresponding to the efficiency 
obtained between one-half and three-quarters full load. The 
motors are of slow or medium speed. 


Electrical Calculations 139 


Radio 


Wave Length.—The formula for wave length is 


300,000,000 


wave length « ——— ——————————————— 
wave frequency in cycles per sec. 


From the. formula it is seen that the shorter the wave length 
the higher the frequency. 
Examples.—What are the frequencies for wave lengths of 10 and 200 
? 

meters? в 300,000,000 
equency = ave length ` 
substituting 10 in formula 2 
300,000,000 

10 
substituting 200 in formula 2 
wave frequency d —1,500,000 cycles or 1,500 kilocycles 


that is, for a 10 meter wave, the frequency is (30,000 2- 1.500) or 20 greater 
than for a 200 meter wave. 


esc ue tee ens i(2) 


wave frequency = =30,000,000 cycles or 30,000 kilocycles 


Combination of Resistances.—Circuits may contain resist- 
ances in series or in parallel, equal or unequal. If the resistances 
be connected in series as in fig. 91, the total resistance is the 
sum of all the resistors in the circuit. Thus the equation may 
be written 


R eff .= Rit в. В. В. В, etc. 


It will be noted on examination of the diagram that in series circuits 
the current is the same through all of the resistors but that the voltage 
drop across the resistors depends upon the value of the individual resistor. 


` 
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In some circuits there are resistances in parallel. If the nu- 
merical values of the resistances be equal then the effective 
circuit resistance can be obtained from the following equation: 


R 
R eff. = ИН (1) 
in which ` 
В, 
R2 
Rs 
Rs R4 


Fic. 91.—Circuit with resistances fn series. 


R= Value of one of the resistors 
N= Numter of resistors in the circuit. 

Example.—A circuit contains 6 resistors in parallel and the resistance 
of each is 12 ohms. What is the effective resistance? 


Substituting in formula 1 
2 
effective resistance = S =2 ohms. 


Formula (1) is to be used only when the resistors are all of equal value. 


. 
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Fig. 92 shows a circuit having several resistors in parallel 
and of unequal value. For such circuits the following formula 
should be used:— 


0 1 
R effective - a u (2) 
RTR RT ate Rete- 


Example.—The circuit in 92 contains resistors in parallel whose 
resistances are: 10, 6, 5, and 7 ohms. What is the effective resistance? 


Substituting in formula (2) 





Fic. 92.—Circuit with unequal resistances in parallel. 


i 


R effective= 1 1 
16 +& +5 +7 


1 T 
Sol Eds == 2; - = 14 
ving: 16 “1; © ‚166; i 5 
Adding: .1+.166+.2+.14= .606. 


Substituting .606 for the denominator in the formula 


R effective — =1.6 ohms. 
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Resistances in Series and Parallel.—In networks having re- 
sistors in series and parallel the solution of the effective value 
of resistance is obtained by breaking up the circuit into its 
local circuits; solving each portion consisting of parallel circuits 
and then resolving them into simple series circuits. 


Example.—Find the effective value of the resistance in the circuit 
shown in fig. 93. 


hj " 


Fic. 93.—Circuit with resistances in series and in parallel. . 


First solve all the branch circuits thus: 

Circuit Ry: Re: R3 has an effective resistance of 3 ohms. 
Circuit Rg: Re: Rz has an effective resistance of 2.5 ohms. 
Circuit Rg: Rg has an effective resistance of 2.2 ohms. 


As the above parallel circuits are in series with resistor R4, the effective 
value of resistance is found by adding 10, 3, 2.5 and 2.2 together. This 
totals 17.7 ohms. 


Resistor Rio is connected across the voltage supply and the etlective 
value of the resistance network R; to Rs is in turn connected across Rio. 
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Thus Ryo is in parallel with tne 17.7 ohm resistance of the network. Solv- 
ing for parallel circuits 50x 17.7/504-17.7 the effective total circuit re- 
sistance is 12.8 ohms. 


Knowing that the voltage applied is 100 volts and the effective resist- 
ance is 12.8 ohms and applying Ohm's law 


_ 100 


= Tone 7.8 amperes. 


Impedance and Reactance.—The formula for reactance of a 
circuit due to capacity is 
c= до ohms 
6.28fC 
in which 
f= frequency 
C=capacity in microfarads. 
The formula for reactance due to inductance is 
X; —6.28fL ohms 
in which 
L-inductance in henries. 


Resonance.—A circuit is tuned to resonance when the re- 
actance due to inductance is equal to the reactance due to 
capacity. In a resonant circuit the two reactances cancel each 
other and the frequency at which any combination achieves 
this condition may be determined from the equation 


T 159200 


in which 
L= inductance in microhenries. 
C=capacity in microfarads. 


1 
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Example.—A coil having an inductance of 203 microhenries is tuned 
with a condenser set at .0005 microfarad. To what frequency does the 
combination tune? 


Substituting in formula (1) 
f= _ 159,200 = C:p.s. 


V 203 x .0005 
= 500,000. 


meaning 500,000 cycles per second or as usually expressed 500 kilocycles 
per second, 





Electric Welding 


Welding Currents.—It is difficult to give universally appli- 
cable figures covering current, speed, etc., for electric arc weld- 
ing because of the effect of conditions under which the work is 
done, the character of the work, and the varying skill of op- 
erators. 

The following figures for bare metallic electrodes, are based 
on favorable working conditions and a skilled operator How- 
ever, they are approximations only and are given merely as a 
general guide. 


Electrode Amperes Corresponding 
Diameter Hand Plate Thickness 
in Inches Welding in Inches * 


50-100 
100—150 
125-175 
150-200 
175-350 
225-400 
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Electric Heating 


The application of electrical energy to domestic and indus- 
trial heating has numerous advantages. The choice of mate- 
rial for a heating unit depends upon temperature conditions. 


The average use of water is from 20 to 125 gallons per family 
per day; temperature 104? Fahr. for bath purposes; 150? Fahr. 
for dish washing. 


If water be heated as required for use, a large demand, 2 to 5 k.w. is cre- 
ated for a short time and under usual conditions, does not secure a suf- 
ficiently low energy rate to be economical. 


Efficiency and Gallons per 24 Hours 


of Water Heated to 104° Fahr. 
(36 gal. tank covered with 1 in. hair felt insulation on tank and 1 in. 
magnesia covering circulation piping. Cold water 39° Fahr. Faucet close 
to tank.) 


No. gal. hot wa- 
Kind of Kind of- i ter available (at 
system equipment 
hrs.) 


Storage Outside circulation 75 
Storage Outside circulation 117 
Storage *Clamp on" 89 
Intermittent | Outside circulation 330 
Intermittent| Outside circulation 525 





Space Heaters.—As its name implies a space heater is for 
diffused instead of concentrated heat, such as room heating. 
The electric. energy required to heat an ordinary sized room.when the 
outside air is near the freezing point ranges from about 1 to 2 watts per 
cu. ft. 


146 
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4 in 
,8in 


12 in. 
16 in 
20 in 


Loss of Heat per Sq. Ft. of Surface 
Kind of Surface RO Kind of Sufface 


. brick wall у Window, single glass.... 
. brick wall..... : : Window, double glass... 
. brick wall : Skylight, single glass.... 
. brick wall Е Skylight, double glass... 
. brick wall : Ceilings, fire proof 


Floors, fire proof д Ceilings, wooden beams . 


In 
surfa 


Ordinary wooden wall, 
lathed and plastered. .]. 





the table above, is shown loss of heat per sq. ft. of window and wail 
ce, for one degree Fahr., difference of inside and outside temperature, 


the loss being expressed in heat units per hour. 


Example.—What will be the loss of heat per hour in a single room, 
wooden structure when the temperature inside is maintained at 70? Fahr., 
while the outside is at 32°. Size of room 10X10X10, having three 3X6 
windows. Here all surfaces must be considered. 


Area of windows =3 (3X6) =54 sq. ft. 

Area of walls=4 (10X10) —54= 346 sq. ft. 

Area of floor 1010 — 100, 

B.t.u. lost through windows = (70 —32) X.776X 54=1,592.4 
B.t.u. lost through walls — 2(70—32) X.1 X346=1,314.8 
B.t.u. lost through floor = (70—32) Х.083Ж100= 315.4 





Тоѓа1 1055 оѓ ћеаё рег Һоиг................... =3,222.6 B.t.u. 


| The maximum safe operating temperature of the space 
heater is between 700° and 800° Fahr. 


Building Heating, Thumb Rule ,—As a rough approxima- 


tion, 


a rule of thumb is as follows: 
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.35 watts per cu. ft. (See A) 
Plus 3.5 watts per sq. ft. of wall area (See B) 
Plus 35. watts per sq. ft. of glass area (See C). 


A. This takes care of the heat required for raising the temperature of the 
air approximately one complete change of air per hour. For more frequent 
changes, increase the wattage proportionately. 


B. This takes care of the loss of heat through the walls. In figuring the 
wall area, the area of the four sides of the rooms and the ceiling and the 
floor are all included and a deduction is made for the glass aréa. The rule 
assumes good building construction, such as a good 12 in. brick wall or well 
made, double frame wall. 


C. For measuring glass area, the overall area of the frame is measured and 
this area is deducted from the total wall area. 


The above rule assumes a temperature elevation of 70° Fahr. 


or, in other words, external temperature of zero, room tempera- 
ture of 70° Fahr. If the room adjoin other heated rooms, 
allowan¢e must be made, based on the difference in tempera- 
ture between the.room under consideration and the adjoining 
rooms. 


This thumb rule is for rough estimates only. It will agree quite closely 
with more complicated calculations in some cases, but on the other hand, 
there may sometimes be & considerable error so that it must be used cau- 


соу The following two examples will illustrate how the above rule is 
applied: 


у Example.—Small house 12 ft. X 10 ft.x9 ft. high, good construction, 12 
3n. brick walls, with 3 windows each 3 ft. X5 ft., is to be heated to 70? Fahr. 
with zero temperature outdoors and one complete air change per hour. 


35 (12X10 X9) 
Plus 3.5 [(12 X10 X2) + (12X9 X2) +(10X 9X2) —(8x5x3)] 
Plus 35(3 х5 х3) 


Equals 4,022 watts. Eight 500 watt space heaters should be used, which 
will give a total of 4,000 watts. 
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Voltage Factors on Basis of 110 Volts 


Уойаре.......... 






Касбга. асе: 


В. & S. Size Ohms 75° F Length 


= 
2 
F 


&ф©ю@о› | emwaoe | лоссов 


Thickness 


.003 
.0035 
.0035 


pad pad pmd pnd pand peh 5555 
~ лососа бобосо со» 
Marne | Hoodoo 
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Electro-Plating 


A boiler is necessary in large plating rooms where hot water 
is not available, or where close temperature regulation of hot 
solutions is desired. In general practice, one boiler k.p. will 
heat 25 gals. of water or its equivalent from 60° Fahrenheit 
in one hout, to a temperature rise of 150°. Using this as a 
basis gives the following formula for determining the А.р. re- 
quired for a given job: 


Properties of Electro-Plating Elements 


=o 


ты 


Убу 
636v 


ororopsorne 
н 5 со М 
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150 Electrical Calculati | 





Temperature rise X gallons of solution to be heated h 
25 X150 xtime in hours 


ФР. 


Temperature rise in this formula is the difference between 
60° Fahr. and the temperature to which solution is to be heated. 
Time in hours is the time allowed to bring the solution to the 
required temperature. It is usually not practical to figure 
more than 3 hrs. to heat a solution. 





Rate of Deposit.—It has been found that a current of one 
ampere will deposit .017253 grain, or .001118 gramme, of silver 
ber second'on one of the plates of a silver voltameter, the liquid. 
employed being a solution of silver nitrate containing from 15 
to 20% of the salt. The rate of hydrogen similarly set free 
by a current of one ampere is .00001044 gramme per second. 

Therefore, knowing the amount of hydrogen thus set free, and the chem- 
ical equivalents of the constituents of other substances, the weight of their 


elements that will be set free or deposited in a given time by a given current, 
can be calculated. 


The rate of deposit is proportional to current. 


However, since there is a certain amount of hydrogen liberated in the 
plating process, there is also a partial solution of the metal, so that there is 
always a deduction to be made from the theoretical value. Thus: 

Gold gives about 80%0 90% 


Nickel *' * 8010 95% 
Silver “ * 90 to 9595 
Copper “ “ 98% 


An ampere of current maintained for one hour, which serves 
as a unit of quantity called the ‘“‘ampere hour” represents: 
Статте то биља и ле 0376 Стат Bee .58 
Ounce Тгоу............. 100121 Ounce Avoirdupois..... .00132 
which multiplied by the chemical equivalent will furnish the weight of 
any substance deposited 


Electrical Calculations 151 





The rate of deposit should be varied to suit the nature and 
form of the surface of the object. 


Large smooth surtaces take the greatest rate of deposit, while other more 
rough and irregular surfaces require a slower rate. 


The length of time for plating depends on the current rate. 


Amperes Required.—The amount of current required for 
plating articles with various metals ‘is given in the table 
following: 


Amperes required to plate one square foot. 


Solution of Metal. Average amperes 





Nickel sce A E ICONE E 4 
Ва. бю 8 
О ci cree one e E d d eet 6to 8 
Сорренто 6to 8 
Асіасоррег т I ete 10 to 12 
Sl] Vere earns уы сле ы teet Ee Td A 

СО а а RES ен ее © 1% 
Al а 10 
Cadmium. s. eener a ты ыи eei UY DITS 6to 8 
Chromium: Co а ma enter ean TTR 1 per sq. in 


Example. If the plater figure on plating with nickel, about 20 sq. ft. of 
surface, by referring to the table, it will.be seen that each sq. ft. requires 
about four amperes, which would make,it necessary to use approximately 
80 amperes. 

Again, to plate about 10 sq. ft. with copper, note each sq. ft. requires 
between six and eight amperes, which would mean about 70 additional 
amperes, or the total for the two would approximate 150. If this be the 
maximum output, a 150 ampere dynamo would be sufficient. 


Dynamo Wiring.—The following table shows the proper size 
of conductors for the different size dynamos and distances be- 
tween dynamo and tank. 
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The sizes of bars are shown in round and flat. If flat bars be used, 
they need not be of the exact dimensions given, but should be of equal o: 
greater cross section. 


Size of Main Conductors. 














5 to'20 Feet ° 20 to 35 Feet 


Round Flat. | Round Round Flat | Round | Flat 
Bars Bars Bars Bars Bars Bars Bars 


Зав | = је | ја ||). ____ 


35 to 50 Feet 50 to 65 Feet 









Dynamo 
Amperes 
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Natural Trigonometrical Functions 


100000 
.01745 
.03490 
.05234 


.06976 - 


.08716 
.10453 
‚12187 
11302 
‚1564 
.1736 
„1908 
2079 
2250 
.2419 
.2588 
E 
„2024 


Express 
1.0000 | .00000 | 1.0000 46 


.9998 
.9994 
.9986 
.99:6 
.9062 
.9945 
.9925 
+9903 
9877 
.9548 
.9816 
.9781 
19744 
„9103 
„9658 
„9613 
.9503 
+9511 
4455 
.9397 
.9336 
.9272 
.9205 


.01745 
.03492 
„05241 
„06993 
„98749 
10510 
.12278 
. 105 
21584 
„1763 
„1944 
.2126 
«2309 
.2493 
.2079 


1.0001 


1.0006 
1.0014 
1.0024 
1.0038 
1.0055 
1.0075 
1.0008 
1.0125 
1.0151 
1.0187 
1.0223 
1.0263 
1.0306 
1.0353 
1.0103 
1.0457 
1.0515 
1.0576 
1.0642 
1.0711 
1.0755 
1.0564 
1.0946 
1.1034 
1.1126 
1.1223 
1.1326 
1.1433 
1.137 
1.1666 
1.1792 
1.1924 
1.2062 
1.2208 


1.2361 


1.2821 
1.2690 
1.2867 
1.3054 
1.3259 
1,3456 
1.3673 
1.3002 
1.4142 


47 
48 
49 
50 
`51 


88 


228 


#8388 


«7193 
7314 
‚7431 

41547 
.7660 
и 

E 
.7986 
.8090 
.8102 


‘osine 
„6947 


eo 


1.0355 
1.0724 
1.1106 
1.1504 
1.1918 
1.2349 
1.2799 
1.3270 
.3764 
.4281 
.4826 
.5399 
-6003 
„6643 
.7321 
.8040 
.8507 
.9626 
.0503 
2.1445 
2.2460 
2.3559 
2.4751 
2.6051 
2.7475 
2.9642 
3.0777 
3.2709 
3.4874 
3.7321 
4.0108 
4.3315 
4.7046 
5.1446 
5.6713 
6.3138 
7.1154 
8.1443 
9.5144 
11.4301 
14.3007 
19.0811 
28.6363 
57.2900 
Inf. 


rav ee ee 


NOTE.—For intermediate values reduce angles from degrees, minutes and second 1 (1 
degrees and decimal parts of a degree and interpolate or ~onsult a larger table. 





Powers, Roots, etc. 


Square Root Cube.Root Reciprocal 


No, 





у 


1.00000 1.00000 1:00000 
1.41421 1.25992 .50000 
1.73205 1.44224 .33333 
2.00000 1.58740 .25000 
2.23606 1.70997 .20000 
2.44948 1.81712 .16666 
2.64575 1.91293 .14285 
2.82842 2.00000 .12500 
3.00000 2.08008 11111 
1000 3.16227 2.15443 .10000 
1331 3.31662 2.22398 .09090 
1728 3.46410 2.28942 .08333 
2197 3.60555 2.35133 .07602 
2744 3.74165 2.41014 .07142 
3375 3.87298 ` 2.46621 .06666 
4096 4.00000 2.51984 .06250 
4913 4.12310 2.57128 : 
5832 4.24264 2.62074 
6859 4.35889 2.66840 
8000 4.47213 2.71441 
9621 4.58257 2.15892 
10648 4.69041 2.80203 
12167 4.19583 2.84386 
13824 4.89897 2.38449 
15625 5.00000 2.92401 
17576 5.09901 2.96249 
19683 5.19615 3.00000 
21952 5.29150 3.03658 
24389 5.38516 3.07231 
27000 5.47722 3.10723 
29791 5.56776 3.14138 
32768 5.65685 3.17480 
35937 5.74456 3.20753 
39304 5:83095 3.23961 
42815 5.91607 3.21106 
$6656 6.00000 3.30192 
50653 6.08276 3.33222 
54872 6.16441 3.36197 
59319 6.24499 3.39121 
64000 | 6 32455 3.41995 
68921 6.40312 3.44821 
14088 6.48074 3.47602 
79507 6.55743 3.50339 
85184 6.63324 3.53034 
91125 6.70820 3.55689 
97336 6.78233 3.58304 
103823 6.85565 3.60882 
110592 6.92820 3.63424 
117649 7.00000 3.65930 
125000 7.07106 3.68403 
132651 7.14142 3.70842 
140608 7.21110 3.73251 
148877 7.28010 375628 
157464 9.34846 3.77976 
166375 7.41619 3.50295 
175616 7.48331 3.82586 
185193 7.54983 3.84850 
195112 7.61577 3.87087 
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Mechanical Calculations 1 


Mechanics 


Mechanical Powers.—By definition the mechanical powers 
are mechanical contrivances that enter into the composition of 
formation of all machines. 


They are: 

1, The lever. 

2. The wheel and axle. 
3. The pulley. 

4. The inclined plane. 
5. The screw. 

6. The wedge. 


These can in turn be reduced to three classes: 


1. A solid body turning on an axis. 
2. A flexible cord. 
3. A hard and smooth inclined surface. 


They all depend for their action upon what is known as the principle 
‘of work, that is: The applied force, multiplied by the distance through which 
at moves, equals the resistance overcome, multiplied by the distance through 
which it is overcome. 


'The principle of work may be also stated as follows: | 


Work put into machine =lost work+work done by machine. 
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The Lever.—The following general rule holds for all classes 
of lever: 


Rule. The force P, multiplied by its distance from the ful- 
crum, is equal to the load W; multiplied by its distance from the 


Juicrum. That is: 


Force x distance- load x distance. ........ (1> 
Example.—What force applied at 3 ft. from the fulcrum will balance 
P FIRST ORDER NM 








56 






SECOND ORDER 





36 


W THIRD ORDER 





Fics, 1 to 3J—Diagramsof the three orders of lever illustrating the accompanying examples. 


a weight of 112 Ibs. applied at 6 ins. from the fulcrum? Here the dis- 
tances or “leverages” are 3 feet and 6 inches. 

The distance must be of the same denomination; hence reducing ft. to 
ins., 3X12 =36 ins. 4 
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Applying the rule 
Еогсех 36 = 112 Х 6 
Solving 
112x6 


Force — = 18.67 ог 1824 lbs. 


This solution holds for all levers as illustrated in figs.1 te 3- 


Wheel and Axle.—Comparison of the wheel and axle with a 
1st order lever shows that in principle they are the same thing. 
The general equation (1) on page 2 applies to the wheel and 
axle. 





Fics. 4 and 5.— Principle of the differential hoist. As the crank is turned clockwise the cable 
winds on B, and unwinds'on A, and since B., is larger in diameter, the length of cable between 
the two drums and load is gradually taken up, thus lifting the load. Evidently by making 
the difference in diameter of the two drums very small an extremely larg’ leverage is ob- 
tained, thus enabling very heavy weights to be lifted with little effort. The load will re- 
main suspended at any point, because the difference, in the diameter.of the two drums $s top 
small to overbalance the friction of the parts. Fig. 5; shows the end of thé lifting operation. 


Chinese Wheel and Axle.—This is a modification of the 
wheel and axle and is used for obtaining extreme degree of 


leverage. Its principle and construction are shown in figs. 
4 and 5, 


The Pulley.—Pulleys are classed as fixed or movable. 


In the fixed pulley no mechanical advantage is gained, but its use is 
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of the greatest importance in accomplishing the work appropriate to the 
pulley, such as raising water from a well. 


The movable pulley, by distributing the weights into separate parts, is 
attended by mechanical advantages proportional to the number of points 
of support. 





Fras. 6 to 12. —Elementary pulley combinations - illustrating accompanying rule for 
relation between force applied and foad lifted and. showing how the load may be increased 
from 1 to 7 times per unit of force applied. Of course a greater fange may be secured by 
additional pulleys, but tbere is a limit in practice to which it is mechanically expedient. 


The following rule expresses the relation between the force 
and load. 

Rule.—The load capable of being lifted by combination of 
pulleys is equal to the force Xthe number of ropes supporting the 
lower or movable block. 
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The Inclined Plane.—By such substitution of a sloping path 
for a direct upward line of ascent, a given weight can be raised 
by another weight weighing less than the weight to be raised. 


The inclined plane becomes a mechanical power in consequence 
of its supporting part of the weight, and of course leaving only 
а рагі to be supported by the power. 


Rule.—As the applied force P, is to the load W, so is the height, 
Н, io the length of the plane W. 


PULLEY 










INCLINED 
PLANE 






Fic. 13—Inclined plane. A load or weight W, may be lifted by a smaller weight P. 
because the load is partly supported by the inclined plane; 


That is: 
Force : load =height : plane length................. (2) 


Example.—What force (P) is necessary to raise a load of 10 Ibs. if the 
height be 2 ft., and plane 12 ft.? 


Substitute in equation (2) 
Р!10=2:12 
Рх12=2х10 


P=——=— =1% lbs. 


The Screw.—This is simply an inclined plane wrapped around 
a cylinder. 


6 З Mechanical Calculations 





The screw is generally employed when severe pressure is to be exerted 
through small spaces; being subject to great loss from friction it usually 
exerts but a small power of itself, but derives its principal efficacy from 
the lever or wheel work with which it is very easily combined. 


Rule.—As ihe applied force ts to the load so is the pitch io the 
length of thread per iurn, that is: 


Applied force : load = pitch : length of thread per turn........ (3) 


Example:—1f the distance between the threads of pilch be 14 in, anda 
force of 100 lbs. be applied at the circumference of the screw, what weight 
will bé moved by the screw, the length of thread per turn of the screw 
being 10 ins. 





THICKNESS 
OF WEOGE 





LENGTH OF WEOGE 





Fics. 14 and 15.—Application of the wedge in raising a heavy load. 


Substituting in equation (3) 
100 : load — X4 : 10 
load х К = 10x100 


10x 100 
load. a 4,000 Ibs. 


4 
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The Wedge.—This is vriually a pair of inclined planes in 
contact along their bases or back to back. 


Rule.—As the applied force is to the load so is the thickness 
of the wedge to its length, that is: 


Applied force : load = thickness : length of wedge........ оО (4) 


Example.—What force is necessary to apply to a wedge 20 ins. long 
and 4 ins. thick to raise a load of 2,000 Ibs.? 


Substituting in equation (4) 
Applied force : 2,000=4 : 20 
20 : 4=2000 : applied force 
applied force 20 —- 4x:2000 


4x2000 - 
5 7400 Ibs. 


рии = и 





applied force = 





Principle of Moments.—When two or more forces act upon a 
rigid body and tend to turn tt about an axis, then equilibrium will 
exist if the sum of the moments of the forces which tend to turn the 
body in one direction equals the sum of the moments of those which 
tend to turn it in the opposite direction about the same axis. 


The lever safety valve when at the point of blowing is a good illustra- 
tion of the above principle. 


Newton’s Laws of Motion.—1st Law. Ifa body be at rest, it 
will remain at rest, or if in motion it will move uniformly іп. а 
straight line until acted upon by some force. 

2nd Law. If a body be acted on by several forces, it will obey 
each as though the others did not exist, and this whether the body 
be at rest or in motion. 

3rd Law. If a force act to change the state of a body with 
respect to rest or motion, the body will offer a resistance equai and 
directly opposed to the force; or to every action there is opposed an 
equal and opposite reaction. 
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Physies 


Mechanical Equivalent of Heat.—One pound falling through a 
distance of one foot represents one foot bound of work. 


In 1843 Dr. Joule of Manchester, England, determined by numerous 
experiments that when 772 foot pounds of energy had been expended on 
one pound of water, the temperature of the latter had risen one degree, 
and the relationship between heat and mechanical work was found; the 
value 772 foot pounds is known as Joule’s equivalent. More recent ex- 
periments give higher figures, the value 778, is now generally used but 
according to Kent 777.62 is probably more nearly correct. Marks and 
Davis in their steam tables have used the figure 777.52. 


Pressure Scales.—The term vacuum is defined as a space de- 
void of matier. This is equivalent to saying a space in which the 
pressure is zero. Áccording to common usage it means anyspacein 


GAUGE 
PRESSURE 


e 
= 
|" 
= 
È 
0 
© 
> 
= 
< 


ABSOLUTE, 
PRESSURE? 





Fic. 16.—Elementary boiler or closed vessel illustrating the difference between £auge, and 
absolute pressure. 
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which the pressure is less than that of the atmosphere. This gives 
rise to two scales of pressure: 


Gauge pressure is expressed as absolute pressure by adding, 
14.74, or for ordinary calculation, 14.7 165. 


Thus 80 Ibs. gauge pressure =80+ 14.74 =94.74 Ibs. absolute pressure. 


Absolute pressure is expressed as gauge pressure by sub- 

tracting 14.7. 
Thus 90 Ibs. absolute pressure =90—14.7 =75.3 lbs. gauge pressure. 

The pressures below atmospheric -pressure are usually ех- 
pressed in Ibs. per sq. in. when making calculations or “inches 
of mercury” in practice. 

Barometer.—By definition. a barometer is an instrument for 
measuring the pressure of the atmosphere, 


Pressure in lbs. per sq. in. is obtained from the barometer 
reading by multiplying by .49116. 
Thus, a 30 inch barometer reading signifies a pressure of 
-49116X30 = 14.74 Ibs. per sq. in. 


Pressure of the atmosphere per square inch for various readings of 
the barometer. 





Barometer Pressure 
(ins. of mercury) | per sq. ins., lbs. 


Barometer Pressure 
(ins. of mercury) | per sq. ins., Ibs. 











28 .00 13.75 29.921 14.696 
28.25 17.88 30.00 14.74 
28.50 14.00 30.25 14.85 
28.75 14.12 30.50 14.98 
29.00 14 24 30.75 15.10 
29.25 14.37 31.00 15.23 
29.50 14.49 

29.75 14.61 





The above table is based on the standard atmosphere, which by defini 
tion —29.921 ins. of mercury = 14.696 Ibs. per sq. in., that is 1 in. of mer» 
сигу = 14.696 + 29.921 =.49116 lbs. per sq. in. 
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Energy.—By definition, energy is stored work, that is, the 

ability to do work, or in other words, to move against resistance. 

The measure of actual energy is the product of the weight of the body 

into the height from which it must fall to acquire its actual velocity. If 

v—the velocity in ft. per sec. according to the principle of falling bodies, 

h, the height due to the velocity =% + 2g; and if w =the weight, the energy 

=i mv =wet+2g=wh. Since energy is the capacity for performing 

work, the units of work and energy are equivalent, or FS— Y m —wh. 
Energy exerted = work done. 


Conservation of Energy.—The doctrine of physics, that 
energy can be transmitted from one body to another or trans- 
formed in_its manifestations, but may neither, be created nor 
destroyed. 


Work.—The overcoming of resistance through a certain dis- 
tance. The unit of work is the foot pound. 


Power.—By definition, power is the rate at which work is 
done; in other words, it is work divided by the time in which 
it is done. 

The unit of power in general use is the horse power* which 
ls defined as 33,000 foot pounds per minute. 





Expansion: and Contraction.—Practically all substances ex- 
pand-with increase in temperature and contract with decrease 
of temperature. The expansion of solid bodies in a longitudinal 
direction is. known as linear expansion; the expansion in volume 
is called the volumetric expansion. 


The following example will illustrate the use of the table 
on next page: 


‘Example.—How much longer is a 36 in. rod of aluminum when heated 
from 97 to 200° Fahr.? 


*NOTE.—The term “horse power” is due to James Watt, who figured it to represent 
the power of a strong London draught horse to do work during a short interval, and used it as 
@ power rating for his engines 
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Increase in temperature 200 —97 = 103° 
Coefficient of expansion for aluminum from table = .00001234. 
Increase in length of rod 236 x .00001234 х 103 = .046 11. 


Linear Expansion of Common Metals 
(Between 32 and 212 degrees Fahr.) 


Linear expansion 
per unit length 





per degree Fahr. 

АЛТтай. CEE _..` 00001234 
Атйшопу.......;................. зш). 00000627 
Bismuth... 0.0.0.0... cc ccc cece eee ee ee ceceeees 00000975 
Вгазз...................„...... ee hte 00000957 
Вгопте..........:.......................... 00000986 
Соррег...................................... 00000887 

| Oo) Ce ии кина заеиюненинняе 00000786 
Iron, cast.... - eevee јен 00000556 . 
Iron, wrought.........leseeeeee enn n 00000648 
Lead...... lera a tese teen eerte eres 00001571 
Nickel............ va ПЛАНИНА raa 00000695 
Steel... c sees enne ael. nnn 00000636 

0 Oo ge heissen 00001163 
Zinc, cast u 

AUN ыз) АА 00001407 


Volumetric expansion =3>linear expansion. 


Melting Point of Solids.—The temperatures at which a 
solid substance changes into a liquid is called the melting 
point. 


The following table gives the melting point for commercial metals: 


Melting Points of Commercial Metals 


Degrees Fahr. 
lese eee tene nenne nennen nnn eee 1,200 


ee rhone] oett э э уз аса аса ө оа ө" э о + 





ТТ ПЕТЕРА 
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Table—Continued 
Degrees Fahr, 
Cadmium......... E ыы а ы тсе О 610 
Тол; саве Ае еа 2,300 
lron; wrought... ње а ато ООО 
Lead d oes Su ete eee РЕА 620 
Mercury. ...... нь ео em do 
ОЕ: P ste Sais eis СОН 2510025500 
ЕТ Е ym ent Е у Жу 446 
Філе сазе А а о 785 


Gravity.—By definition gravity is the force ihat attracts 
."es, at or near the surface of the earth, toward the center of 
‘ earth. This force varies at different points on the earth’s 


te 






surface. ;— OPEN TO 
| ATMOSPHERE: 
SIE FEATHER 
TUBE 


FEATHER AND 
LEAD FALL 
TOGETHER 





LEAD REACHES 
BOTTOM FIRST 

















Fics. 17 and 18. —Experiments with falling bodies. Place a feather and a_piece of lead 
in a long tube and pump out the air. If the tube be suddenly inverted it will be found that 
the two objects fall side by side from top to bottom as in fig. 17 . Hf the top be left open 
so that the objects are surrounded by air, when the tube is inverted, -asin fig. 18., it wilt 
be found that the lead reaches the bottom before the feather. 
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Velocity.—In physical problems, velocity is generally ex- 
pressed in feet per second, and in engineering work, in feet per 
minute. 


The formula is 


$ 
Vere 
t 
in which 
S =space, or distance; 
. V=velocity; 
t =time. 


Falling Bodies.—A body falling freely from rest to the earth 
acquires during the first second a velocity of 32.174 ft. per second 
ber second; at the end of the second second, a velocity of 32.174 4- 
32.174 = 64.348 ft. per second, and so on. 


Mass.—The formula for mass is 7” 


ом t 
Mass = weight. 
‘in which | DO 
g=acceleration due to gravity. If the weight and g be taken at the 
same place their ratio will be constant for all places. 
1 


00 
Example.—The mass of a 100 lb. weight equals 321679. lbs. On 


the surface of the sun, where the force of gravity is 28 times as great as on 
the earth, the same object would weigh 2,800 lbs., but its mass would be 


28 X 100 
28х32 167311 lbs. as before. 


It will be observed that both mass and weight are taken in pounds. 
This double use uf the word pound is customary,.although somewhat am- 
biguous. Mass is an important factor in the study of motion. 
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Center of Gravity.— Briefly, the center of gravity of a body 
is that point of the body about which all its parts are balanced, or 
which being supported, the whole body will remain at rest, though 
acted upon by gravity. 

The center of gravity may be found by calculation, and in some cases, 

more conveniently by experiments, as in fig. 19. 


CENTER OF 
GRAVITY 





Fic. 19.—Method of finding the center of gravity of the lever. The center of gravity of the 
lever 1s the point where the bar would be in equilibrium if balanced over a knife edge or any 
other support with a sharp corner placed at right angles to the lever, as shown in the figure. 


Momentum.—In popular language momentum may be de- 
fined as the power of overcoming resistance as possessed by a 
body by virtue of its motion; that which makes a moving body 
hard to stop. Numerically it is equal to the product of mass 
of the body multiplied by its velocity. 


momentum = mass Xvelocity 


using symbols e =m xv 
= w < 7 
E 
in which w - weight 


£ - acceleration due to gravity —32.17 


Friction.—By definition, friction is that force which acts 
between two bodies at their surface of contact so as to resist their 
sliding on each other; it is the resistance to motion when one 
body is moved upon another. 
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Belts and Pulleys 


To calculate size of pulleys the following formula is used 


in which 


D - diameter of driver pulley 


SPEED OF BELT, [000 FEET PER M!HUTE 


и А ira 


А m y р 
М ў : ..1-L8. DRAG OR BACK PULLIN BELT 
Тг N /. А > 
| Fee NN A i 5 


34 LB. PULL IN BELT 





Pic. 20.—-One. horse power transmitted by belt illustrating the rule: A single belt one inch 
wide and travelling 1,000 feet per minute will transmit one horse power: а double belt under 


€he same conditions will transmit two horse, power. 


“ КАД е 


d= * “ driven 
R =revolutions per minute of driver pulley 
T =) “ s “ Апуеп “ 


The following formulae are derived from equation (1) 


си (2) 
T 
pui CO mar uoi MTM (^^ 
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Example.—Find the diameter of pulley required on engine to run a 
dynamo at a speed of 1,450 revolutions per minute, the dynamo pulley 
being 10 ins. in diameter and the speed of engine is 275 revolutions per 
minute. 


Substituting in formula (1) 


_ 101450... : 
D= 275 =53 ins. nearly 


Example.—If the speed of engine be 325 revolutions per minute, diam- | 
eter of engine wheel 42 ins. and the speed of the dynamo 1,400 revolutions 
per minute, how large a pulley is required on dynamo? 


Substituting in formula (2) 


_ 42325 


= =93 ins. 
d 1400 34 ins 





Example.—What will be the required speed of an engine having a belt 
wheel 46 ins. in diameter to run a dynamo 1,500 revolutions per minute, 
the dynamo pulley is 11 ins. in diameter? 


Substituting in formula (3) 


_11х1500 


R 46 


—359 nearly. 


Example.—If a steam engine, running 300 revolutions per minute, have 
a belt wheel 48 ins. in diameter, and is belted to a dynamo having a pulley 
12 ins. in diameter, how many revolutions per minute will the dynamo 
make? 


Substituting in formula (4) 


48 х 300 
12 





= 1200 
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Shop Calculations 










A-FRAME 
B-ANVIL 
C-SPINDLE 
D-SLEEVE 
E-THIMBLE 










M 
^i 


lk. thel-S.sterrett Co. 
0.4. 


Э ezoa" adt 
Му, А 





Fic. 21.—Starrett micrometer caliper. 


How to Read a Micrometer Caliper.—Readings in ten 
thousandths of an inch are obtained by the use of a vernier, so 
named from Pierre Vernier, who invented the device in 1631. 
As applied to a caliper this consists of ten divisions on the 


adjustable sleeve, which occupy the same space as nine divisions 
on the thimble. 


The difference between the width of one of the ten spaces on the sleeve 
and one of the nine spaces on the thimble is therefore one-tenth of a space 
on the thimble. In fig. 23 the third line from 0 on thimble coincides 
with the first line on the sleeve. The next two lines on thimble and sleeve 
do not coincide by one-tenth of a space on thimble; the next two, marked 
5 and 2. are two-tenths apart, and so on. 
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In opening the tool, by turning the thimble to the left, each space on 
the thimble represents an opening of one thousandth of an inch. If, 
therefore, the thimble be turned so that the lines marked 5 and 2 coincide, 
the caliper will be opened two-tenths of one thousandth or two ten thou- 
sandths. 


Turning the thimble further, until the line 10 coincides with the line 
7 on the sleeve as in fig. 24, the caliper has been opened seven ten thou- 
sandths, and the reading of the tool is .2507. 


THIMBLE THIMBLE 
= ~ о 





l 
095876543210 09876543310 
SLEEVE SLEEVE 


N 





Fics. 22 to 24.—How to read Starrett's ten-thousandths micrometer caliper. 


To read a ten thousandths caliper, first note the thousandths as in the 
ordinary caliper, then observe the line on the sleeve which coincides with 
a line on the thimble. If it be the second line, marked 1, add one ten 
thousandth; if the third marked 2, add two ten thousandths, etc. 





Formulae for Speed of Gears.—When three factors are 
known, the fourth can be found by using one of the following 
formulae: 


A Revs. of follower Xteeth on follower 
Revs. of driver = гелет ы лу соз с=т 
teeth on driver 
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Revs. of driver x teeth on driver 
teeth on follower 


Revs. of follower = 


Teeth on diver .Rews. of follower Xteeth on follower 
Revs. of driver 





Revs. of driver Xteeth on driver 


T foll = 
eeth on follower Revs. of follower 


As in the case of pulleys, great speed changes are made by trains of 
gears in place of a pair Examples are found in hoists, clocks, lathes, etc. 





Fic. 25.—Diagram to accompany formulae for speed of gears. 
i 


Each pair in the train has its driver and follòwer, and.if the shafts be 
parallel it is usual to get the speed change by keying two gears of unequal 
size on every shaft, except the first and last. 


Rule.— The product of the number of teeth on all the drivers 
divided by the product of the number of teeth on all the followers is 
the velocity ratio. 


Example.—Assume that a train of gears has three drivers, A,B,C, and 
three followers L, M, and N, as in fig. 25. A has 14 teeth and drives 
L having 70 teeth. Pinion B, on same shaft with L, has 13 teeth and 
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drives M, having 104 teeth. Pinion C, has 15 teeth, and is on the same 
shaft with M; C drives N having 75 teeth. What is the velocity of A to N? 
teeth on A Xteeth on B Xteeth on C 


Velocit: бо ы 
Oct T8567 eeth on LX teeth on M Xteeth on № 


_ 14х13х15 1 
70x104x75 200 





INTERMEDIATE 
GEAR Y 


Fic. 26.—Simple train of lathe gears for thread cutting. 


Knowing the velocity ratio of the train, it is easy to find the speed ef 
N, if the speed of A, be known. If & runat 1800 revolutions per minute, 
N will make only 9 revolutions; for 1800+200=9. 2 


When the speed of the first driver or the last follower is also 
known, the speed may be figured from the rule foliowing. 
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Rule.—Multiply the revolutions per minute of the first driver by 
the continued product of the number of teeth on all drivers, and 
divide by the continued product of the teeth on all followers. The 
quotient will be the revolutions per minute of the last follower. 


ИВА И а 


Lathe Gearing.—.n figuring change gears, the number of 
threads per inch to be cut corresponds to the revolutions of the driver, 
and the number of turns on the lead screw to move the carriage one 
inch corresponds, to the speed of the follower. 


Simple Gears 


Rule.—The number of threads to be cut multiplied by the teeth 
on the spindle stud ejuals-the number of threads on the lead screw 
multiplied by the teeth on the lead screw gear. 


Expressed as a formula: 


threads to be cut _ teeth on lead-screw gear 
threads on ‘lead.screw teeth on spindle stud 


Example.—If a lathe have 6 threads.on the lead screw and 40 teeth 
on the lead screw gear, how many threads will be cut if a 24 tooth gear 
be placed on the spindle stud? 


threads to be cut _40 
6 24 





threads to be cut = 40 X6=10 


The above assumes that the lathe is geared 1:1; that is, the lathe screw 
constant is equal to the number of threads per inch on the lead screw. 
If the lathe be not so geared, the lathe screw constant should be used in 
place of the threads per inch on the lead screw. 


This example shows how the figuring can be done when the gears are 
on the spindle stud and lead screw; but the problem js usually one oz 
finding out what gears to use. 
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Example.—Assume seven threads are to be cut, and there are five 
threads per inch on the lead screw. What gears must he used? 


threads to be cut _ teeth on lead screw gear 
threads on lead screw teeth on stud gear 


TA teeth on lead screw gear 
5 teeth on stud gear 


а EDIETE 





“тс. 27.— Compound train of lathe gears for thread cutting. 


The ratio of the gears is as 7:5. By multiplying both 7 and 5 by any 
number, such as 6, gives г ; 


42 _ teeth on lead screw gear 
30 teeth on stud gear 


If gears with 30 and 42 teeth be not available multiply by some other 
number as for instance multiplying by say’4 gives ; 
4X7 28 teeth on lead screw gear 
4x5 20 teeth on stud gear 
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Compound Gears 


Example.—Assume that a gear having 90 teeth is needed upon the 
lead screw to cut a given number. of threads. If the set of gears furnished 
fail to provide a, 90. gear, but provides one of 45 teeth, placing this on 
the lead screw and meshing the two to one compound stud into the train 
completes the desired ratio, and advances the tool as if the 90 tooth gear 
had been used. ‹ 





Speed for Drills.—The following peripheral cutting speed is 
recommended where high speed cutting tools are used: 


Cast о И 55 ft. per min. 
Масјипе ее tinct sence on зо Un RE 
Мова AQ ace EE, 
Tool steel, annealed.............. 2а а 
Ва. тало ПОО КАЕ 
Ве ЕИ ПОВ ов 
Grey or red fibre.... ue Xue ee DOT M 


To find the cutting рс] of a revolving shaft: 


Rule.—Multiply the diameter of the shaft in inches by 3.1416 
and multiply the product by the r.p.m. of the shaft, and divide by 
12, which will give the peripheral speed in ft. per min. 


Example.—A shaft 1 in. in diameter revolves 134 r.p.m. What is the 
cutting speed? 
1X3.1416 134 


=35 ft. in. 
12 35 ft. per min 





Milling Machine Indexing.—The calculations by which the 
index tables: are produced and which must be followed for 
determining the circle and moves for indexing numbers not 
given in the tables can, perhaps, be best understood by taking 
several practical examplés which follow. 
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Example.—Indexing less than 40 divisions. Assume that a piece ol 
work mounted between centers is to be divided into 20 equal parts. This 
will require 1/2» of a turn of the spindle for each division, and since the ratia 
between worm and worm wheel is 40 to 1, this will require 4°/2o or two turns 
of the worm and, therefore, two turns of the index crank. The gears 
connecting the worm shaft and the index crank shaft are equal in size. 


Example.—Indexing more than 40 divisions. It is desired to divide 
the circle into 80 divisions. This time the worm wheel will make */» of a 
turn, while the worm and index crank will make 1/5» or 14 a turn. In both 
of the above cases the index pointer always engages the same hole in the 
index plate, consequently it is immaterial which one of the even number . 
circles of holes it is set to. 


Example.—Indexing 152 divisions. From the above two examples it 
is evident that the ratio between worm and worm wheel is 40 to 1. Note 
the following rules: 


ее Еви 

Rule 1.—Forty divided by the number of divisions required will 
determine. the number of turns or the fractional part of a turn to be 
made by index pointer, which was two turns for 20 divisions, and 


Yo a turn for 80 divisions. Now, following this rule, divide 40 by 
152, which, expressed in the form ој a fraction, is *9/ 152, of which: 


Rule 2.—The denominator represents the circle to be used and 
the numerator represents the number of holes in this circle over 
which the index pin must be passed for each division. 


Applying. these rules to the first example gives the fraction 4/2. If the 
pin were in the 20 hole circle, it would pass over 40 holes, or two turns 
for each division. Now, referring to the example in question, the index 
plate does not have a circle containing 152 holes. 


It is therefore necessary to transform this fraction into an equivalent 
fraction whose denominator will be the same number as the number of 
holes in one of the circles of the index plate. It does contain a 38 hole 
circle. Hence, transform the fraction ‘°/1s2 to the equivalent fraction or 
10/3. by dividing both the numerator and denominator by 4. 


Applying Rule 2 to this new fraction 38 is the circle to which the index 
pin must be adjusted, and it must move over a series of 10 holes for each 
of the 152 divisions into which the work is to be divided. 





26 Mechanical Calculations 





Example.—Indexing 33 divisions. The fraction now takes the form of 
10/33. The plate does not contain a 33 hole circle, neither does it contain an 
11 hole circle nor a 3 hole circle, and since these are the only numbers 
which can be evenly divided into 33, make the transformation by multi- 
plying instead of dividing. It is found that the plate does contain a 66 
hole circle; therefore, by multiplying both numerator and denominator 
by 2, gives the equivalent fraction or ??/«, in which 66 is the circle and 80 
is the number of holes over which the pin must pass for each division; 
but since 80 holes are more than the 66 hole circle contains, divide 80 
by 66, and find that it is contained once with 14 left over; therefore, the 
pointer must make one complete turn and 14 holes in addition. 


Example.—Indexing 395 divisions. The fraction is 49/295 =8°/100 =8/79, in 
which case use the 79 hole circle and index over eight holes. The highest 
number that can be obtained with a high number indexing attachment is 
7960. The fraction is 4°/1960="/199. Here use the 199 hole circle and index 
one hole for each of the 7960 divisions. 





Differential Indexing.—In differential indexing the spindle 
or driven shaft and the index plate are connected by a train of 
gearing which causes the plate to turn either in the same or 
opposite direction to that in which the crank is turned. 

The total movement of the crank at every indexing is, therefore, equal 
to its movement relative to the plate, plus the movement of the plate, 
when the plate revolves in the same direction as the crank, or minus the 


. movement of the plate, when the plate revolves in the opposite direction 
to the crank. 


N -number of divisions required; 

H =number of holes in index plate; 

n -number of holes taken at each indexing; 

V =ratio of gearing between index crank and spindle; 

x -ratio of the train of gearing between the spindle and the index plate; 


S =gear on spindle ~ М 
С. = 13 gear on stud Jarivers 
G:=2nd gear on stud driven: 
W =gear on worm У 


x ORI if HV be greater than Nn; 
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x "EI EY it HV be less than Nn; 


x m (for simple gearing); 


x =3S' (for compound gearing); 
IW ae i; 


As applied to the spiral head of a milling machine made by Brown & 
Sharpe Mfg. Co. V is equal to 40 and the index plates furnished have the 
following numbers of holes:—(15, 16, 17, 18, 19, 20), (21, 23, 27, 29, 31, 
33), (37, 39, 41, 43, 47, 49). 


The.gears furnished have the following numbers of teeth:—24 (2) 28, 
32, 40, 44, 48, 56, 64, 72, 86, 100. These index plates and gears provide 
for the indexing of all divisions up to 382: 


In selecting the index circle to be used, it is best to select one 
with a number having factors that are contained in the change 
gears on hand, for if H contain a factor not found in the gears, 
x cannot usually be obtained, unless the factor be cancelled by 
the difference between HV and Nn, or unless N contain the 
factor. 


Multiplying the numbers of holes in the plates by 40 gives all the values 
of HV that can be obtained with the regular index plates. Following is 
a table of these products, which will be found convenient to use, especially 
when many combinations are to be obtained. 


37 X40 
39 X40 
41 X40 


43 X40 
47 X40 
49 X40 
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When HV is greater than Nz and gearing is simple, use 1 idler. 
When HV is greater than Nv and gearing is compound, use no idlers. 
When HV is less than Nm and gearing is simple, use 2 idlers. 
When HV is less than Nx and gearing is compound, use 1 idler. 
Select n, so that the ratio of gearing will not exceed 6; 1 on account of 
the excessive stress upon the gears. 


Example.—N =59. Required H, and x. 


Assume Н =33 - n=22 
Sq (83X40) — (69X22). _ 22 _ 2 
5 ` 33 . 33 3 


Select .gears giving. this ratio, as 32 and 48, the 32 being the gear on 
spindle.and the 48 the gear on worm. HV is greater than Nn and the 
gearing is simple, requiring one idler. 


Example.—N —319. Required Н, n and x. 


"Assume H - 29 п=4 

n ЕА (319x4)—(29x40) 116 4 
9 . к = — == 
- 199 Em 


“When the ratio is not obtainable with. simple gearing, try compound 
gearing. 1 can be expressed as follows: — on for which there are 
availàble gears. 

HV is less than Nn and. the gearing is compound, requiring one idler. 

Example.—Spacing for quarter degrees. Required H, m and x for 
spacing l4 degree or 1440 divisions. 

Assume H=33 '- n=1 

(1440 X1) —(33 X40) _ 120 ОР 64 «100 
a . 33 33 40х44 
One idler is required. 


Aliquant or fractional spacing. 


Example.—Required: A vernier to read to 1-12 degree or 5 minutes, 
the scale being divided to degrees. у 
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Each Vernier space can equal 11-12 degree. 
11 1 11 4320 


13 X360 ^ 3320 11 


Assume H = 18 n=2 


spaces in whole circle =3025 spaces. 


8 720 
Then 25 2ч 
(39211 x2) — (18x40) pup 720 hie _ 40 Б 64100 
18 `’ PS TI 18 #11 40х44. 


One idler is required. 





Fic. 28.—Brown & Sharpe automatic spur gear cutting machine. The cuter spindle 1s sup- 
ported in heavy bearings and is provided with a balance wheel, keyed to the tapered end 
of spindle, to steady the cutting action. The spindle has keys for driving cutters with either 
new or old size keyways. ‘ is driven from a worm sliding in a splined horizontal driving 
shaft, through a bronze driving gear, which is fitted to integral keys c^ the spindle itself. 
Positive clutches and integral keys are used to eliminate the possibility of backlash in the 
spindle driving mechanism. The spindle can be removed and smaller sizes substituted and 
the spindle outer bearing may be adjusted for wear. The work spindle slide has a tapered 
gib on the inside of the way which provides an added guide when the slide is loosened for 
adjustment. The slide has a positive bearing on both sides of the flat and dove-tail ways 
to take end pressure. A central oiling station located on the cutter slide assures positive 
lubrication of the spindle bearings and the cutter slide ways. The indexing mechanism is 
also lubricated from a central station within the case itself. The cooling piping is arranged 
to avoid sharp bends and air pockers. 
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Gears 






| The author is indebted to the Brown & Sharpe Mfg. Co., Provi- 
dence, R. I., for the formulae relating to spur, bevel, worm and worm 
wheel gears. 





SPUR GEARING. 


Two spur gears in action are comparable to two correspond- 
ing plain rollers whose surfaces are in contact, these surfaces 
representing the pitch circles of the gears. 

PIrcH OF GEARS. 

For convenience of expression the pitch of gears may be 

stated as follows: 





Fic. 29.—Spur gears with reference letters t0 accompany formulae. 
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Circular pitch is the distance from the centre of one tooth to 


the centre of the next tooth, measured on the pitch line. 


Diametral pitch is the number of teeth in a gear per inch of 
pitch diameter. That is, a gear that has, say, six teeth for each 
inch in pitch diameter is six diametral pitch, or, as the expres- 


sion is universally abbreviated, it is “six pitch.” 


This is by 


far the most convenient way of expressing the relation of 


diameter to number of teeth. 


Module is the pitch diameter of a gear divided by the 


number of teeth. 


FORMULAS. 
N =number of teeth. 
s =addendum and module. 
t =thickness of tooth on pitch line. 
t” =chordal thickness of tooth. 
f 2 clearance at bottom of tooth. 
D” =working depth of tooth. . 
D” +f =whole depth of tooth. 
D’ =pitch diameter. 
D =outside diameter. 
D” bottom diameter. 
P’ =circular pitch. 
P =diametral pitch. 
H =height of arc. 
s’’ =distance from chord to top of tooth. 
0 =14 the angle subtended by circular pitch. 





т 
po Tiers 
4 Ла ap: pes „р'я. = Dz 
Pia р: -р оо WO" Nap 


I P. p Dae ОЕ 
$- pi orm) ore 3183 P'oor = No =: 
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SSS 


И 15709 
iz PIRE a P 
H 
fem 





s+f= wil; or = .3683 Р' 


2 
р" = 25; 0г= -2. 
ЕАР 


D'4fz 2291, ог = .6866 Р’ 











N 
NA 


А 
















ые с 
mci s 9. ~ ~ 0D 
| z > с. 
КО р s 
Gear | < | | 3 
B B 


Fic. 30.—Bevel gears with reference letters to accompany fozmulae— axes at right angles. 


N 


, 
Di =D, or = У Шу ог = 3183 Р’М; ог= DON 


М- 2 








Dcum ш see N =D’ P; or = D P—2 
D'(1—cos 9) 
o == мина 
m M Pu 2 


РР 
7 S’=s+H 
t= D’ sin? z 
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N — 2.31416 
D" - D (D^ or 022416 


BEVEL GEARS—AXES AT RIGHT ANGLES. 


FORMULAS, 

gear. 

ME } Number of teeth { pinion. 

P.=diametral pitch. P’ =circular pitch. 

аа = | centre angle =angle of edge: { gear. 
a,= or pitch angle. pinion: 

8 =апрје of top. f’ =angle of bottom. 

Ба" | angle of face { genr. 


м. = 


въ = pinion, 
фа = : : 
ks x | cutting angle { BM 


A =apex distance from pitch circle. 

A’ =apex distance from large bottom of tooth. 

D’ =pitch diameter. D =outside diameter, 
$ =addendum and module. 
t =thickness.of tooth at pitch line. 
f =clearance.at bottom of tooth. 

D” =working depth of tooth. 
D” +f =whole depth of tooth. 2 a =diameter increment. 


6 =distance from top of tooth to plane of pitch circle. 
F =width of face. 
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2.314 Sin @& s+Í 
SEN ОГ = “А? $ 

да = 99 о— (па + 8); ф= 90 —(%% 8) 
ћ= а— |f 


А= — g 8 
SM + № 


tan 8’ = 








М 
A "7 2Psin« 
j N 
a cos BT :2 P sin « cos f 
iD 
А = тул О | 
N N + 2 сова т 
z заза р гер 
Be aye Г 
Р 
s NP’ DN 7 2 сова 
De le ока T D— P 
D=D’+2a 


2а= 25505 а 
a for gear = b for pinion 
= a at 
раар | a for pinion = b for gear 
у 
І 


з OF a рога .3183 P’;or = A tan B 





P 
s+ f = .3683 P’; or = Atan §; or - 27. 
Юр" = 25 
р” + = 2127; ог = 6866Р/ 
р’ т 
с 
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A Р t 
Np orar += == 
3 2 10 


NorE.— Formulas containing notations without the designating letters a and b appl 
equally’ to sins gear or pinion. lf wanted for one or the other, the respective letters are 
wien PA attac 

he от giving the lesser value of F should always be used. 


BEVEL GEARS WITH AXES AT ANY ANGLE. 





Fic. 31.—Bevel gears with reference letters to accompany formulae—axes at any angle. 


FORMULAS. 
C =angle formed by axes of gears. 
о E } number of teeth | ойда: 


P =diametral pitch 
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P’ =circular pitch. 
ane ae gear. 
ea | angle of edge =pitch angle | pinion. 
P —angle of top. 


В’ «angle of bottom. 
Ба = gear. 
ic | angle of face { pinion. 
{а } cutting angle | Боп 
A =apex distance from pitch circle. 
A’ =apex distance from large bottom of tooth. 
D =outside diameter. 
D' -pitch diameter. 
2 а diameter increment. 
b « distance from top of tooth to plaue of pitch circle. 


NOTE.—The formulae for tooth parts as given on page 31 apply equally to these cases 





т С 

tanaga — 2 , cot ee 
Е. N, sin C 
NO 

fna e шсш cot æ, = e cot C 
a í ,sin : 
= + соз С 
NU 


NOTE.—The following formulae are correct only for *values of C less than 90^, If C be 
greater than 90* see pages 37 and 38. 


2 sin & 
«ап 6 = ; ОГ = 
N 





S 

A ? 

2.314 Sin а S+ 

а. 

ва = 90° — (а, + В) ог саѕеѕ Тапа П; ог = 6, юг case III; 
ог = go? — (a, — f) for case IV. 


(ап В’ = 








— 0 —— — etae 
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- = 


£ = 90° — (а, + 8) 








ћ =0— В! 
fee 
2 Psin æ 
Als А 
cos f 
Dea Ne I 
В 7 
D= DN l шу 2054 
Х + 2 сов а Р 
*D = 0' +=2 а 
D =D’, for gear in case ПІ; ог - D'—2 a, for gear in 
Case IV. 


2а=25 505 & 
b=ssin@ 


Note.—Formulas containing notations without the designating letters 
a and 6 apply equally to either gear or pinioa. If wanted for one or the other, 
the respective letters are simply attached. 

к For cases I and II and for pinions in cases III and IV 

The formulas given for % and-a, (when C, Na and N, are 
known) undergo some modifications for values of C greater than 
90°. 

For bevel gears at any- angle but. 9o? we may distinguish four 
cases; C, N,, N, being given. 

I. Case. See pages 35 to 37. 

II. Case. ‘Cis greater than go’. 


DUE sin (180—C) EM sin (180—C) 
я 1 
M t-cos (180--G) —* —cos (18e—C): 


М. N, 


— —— M P a i e e us HE TET 
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ITI. Case. a= 90°; ду = C—g0° 
IF. Case. 
sin E sin E 


tan à, 2 ————————ji tan ay = 
ees Our 
соѕ Е N, № cos E 
For an example to apply to Case III., the following condition 
must be fulfilled: 
Na sin (C—90°) =N; 


To distinguish whether a-given example belongs to Case TT. or 
Case IV., we are guided by the following condition: 


р __ oy § smaller than Nz, we have Case II, 
Is; Na sin (C—go") { larger than N;, we have Case IV; 








UNDERCUT IN BEVEL GEARS. 


"By undercut in gears is understood a special formation of 
the tooth, which may be explained by saying that the elements 
of the tooth below the pitch line are nearer the centre line of 
the tooth than those on the pitch line. Such a tooth outline is 
to be found only in gears with few teeth. In a pair of bevel gears 
where the pinion is low-numbered and the ratio high, we are apt 
to have undercut. For a pair of running gears this condition 
presents no objection. Should, however, these gears be intended 
as patterns to cast from, they would be found useless, from the 
fact that they would not draw out of the sand. 


If a pair of bevel gears with teeth constructed on this basis 
have undercut, we can nearly eliminate the undercut—and for 
the practical working this is quite sufficient—by taking as a basis 


——— — — — 4L Mae arat ms 
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for the construction of the tooth outline a pressure angle of 20°. 
The question now is: When do we and when do we not have 
vndercut? Let there be: 
N = number of teeth in gear. 
n = number of teeth in pinion. 


n/N? +7? 
—r £ 
where we have undercut for p less than 3o. 
This formula is strictly correct for epicycloidal gears only. It 
is, however, used as a safe and efficient approximation for the 
involute system. 













РРР 


6 


= 
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Worm and Worm Wheel 


L =lead of worm. 

N 2number of teeth in gear 

m =turns per inch of worm. 

d - diameter of worm. 

d' - pitch diameter of worm. 
d" - diameter of hob. 

D «throat diameter. 
D' «pitch diameter of worm wheel. 

B - blank diameter (to sharp corners). 
С - distance between centres. 

P —diametral pitch. 

P’ ~circular pitch for worm wheels or axial pitch for worms. 


"узве figs. 32 to 35. 


s addendum and module. 
1 thickness of tooth at pitch line. 
i” -normal thickness of tooth. 
f =clearance at bottom of tooth. 
D” =working depth of tooth. 
D" --f 2 whole depth of tooth. 
b - pitch circumference of worm. 
v — width of worm thread tool at end. 
w width of worm thread at top and width of hob tool at 
end. 
5 =angle of tooth of worm wheel with its axis, or the angle 
of thread with a line at right angies to its axis. 
If the lead is for single, double, triple, etc., thread, then 
L=P’, 2 P’, 3 P’, etc. 


In multiple threaded worms and their mating wheels, if the 
angle 6 is more than 18° the tooth parts snuuld be figured on 
the normal as for spiral gears. In using the formulas for spiral 
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gears, it should be borne in mind that while P’ is the axial pitch 
for worms it is the circular pitch for spiral gears. 





æ = 69° to до 
TE 
m 
pace 
N +2 
pe tee 
т , 
N 
D=—+25 
Р 


ф = л (4—25); ог="ла 





#ап 5 == Practical only when width of wheel on wheel pitch 
b circle is not more than 24 pitch diameter of worm. 

t" =t cos ô 

d 
r'--—2$ 

2 
r” =7 + D” +f 

D’ +d р +4 
C= ч —-5; ог шр 

2 2 


· а ПА 
B=D+2 (ez COS а) A measurement of sketch is 
2 


generally sufficient. 
qd f 


= .3095 P’ Nore.—Hob and worm should be marked, as per example: 
DAER р’ 4 turns per 1" single .25 P^; .25 R. H. 
3354 2 turns per 1" double .25 P^; .5o L. H. 


NOTE.— The notations and formulas referring to tooth parts, given on pages 31 and 32, 
for spur gears, apply to worm wheels and are here изей. 


ations 
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Heat 


Thermometer Scales.—Three scales are in general use 
1. Fahrenheit. 
2. Centigrade. 


3. Reaumur. 


The Fahrenheit thermometer is generally used in English speaking 
countries, and the Centigrade or Celsius thermometer in countries that 
use the metric system. In many scientific treatises in English, помете. 
Centigrade readings are also used, either with or without their Fahrenheit 
equivalents. The Reaumur thermometer is used to some extent on the 
continent of Europe. 


Fahrenheit Scale.—The number of degrees between the two fixed 
points is 180. The freezing point is 32° above zero, hence the boiling point 
is 32°+180° = 212°. 


* Centigrade Scale.—The number of degrees between the two fixed 
points is 100. The freezing point is zero, hence the boiling point is 100°, 


Reaumur Scale.—The number of degrees between the two fixed points 
is 80. The freezing point is zero, and accordingly, the boiling point, 80°. 


The following conversion fractions will be found convenient 
to obtain equivalent readings. 


1 degree Fahrenheit = 5/9 degree Centigrade = 4/9 degree Reaumur 
1 ° Centigrade = 9/5 с Fahrenheit = M 
1 “ Reaumur =9/4  " =5/4 = Gentierade 


Temperature Fahrenheit ='9/5 X temp. C + 32° = 9/4 R + 32° 
Centigrade = 5/9 X ce: Fahr. — 32) 2 5/AR 
Reaumur  *4/$-temp. C' 2 4/9 (Fahr..— 39°) 
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Specific Heat.—Defined as the ratio of the quantity of heat 
needed to raise 115 temperature one degree to the amount needed 
to raise the temperature of the same weight of water one degree; 
expressed as a formula, 


B.t.u. required to raise temperature of substance 1° 


Specific heat = 7 required to raise temperature same weight water 1° 


from this it follows that, 


D 
B 

+ 

io 

о 

0 
FAHR. 212° 32° of — 459.6° 
ABS. 673° 493° 459.6" Q° 


Fic. 36.—Graphical method of determining the absolute zero. In construction draw a. 
horizontailine torepresenttemperatures to any scale and mark on it points representing the 
freezing point and boiling point of water, marked 32° and 212° respectively. From 32° 
set out, at right angles to the line of temperature, a line of pressure AB, = 1 atmosphere to 
‘any scale, and at 212° a line CD = 1.3654 atmospheres to the same scale. Join the ex- 
tremities DB, of these lines to intersect the line of temperatures. It is assumed by physicists 
that, since the pressures vary regularly per degree of change of temperature between certain 
limits within the range of experiment, they vary also at the same rate beyond that range, and, 
therefore, that the point of intersection of the straight line DB, produced gives the point at 
which the pressure is reduced to zero, this point being known as the absolute zero. 


Specific heat = B.t.u. required to heat one lb. of a substance 1? F. 


One of the simplest methods of determining specific heat is by 
mixing the substance with water. 


Example. Suppose that six pounds of mercury at 100° C, be poured 
into two pounds of water at 0°C, and that the resulting temperature of the 
шмше: is 9°. The specific heat S, of the mercury can then be found as 

ollows: 


In falling from 100° to 9° the six pounds of mercury give out 
6 X (100—9) X S, or 546 S heat units. These have gone to heat two 
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pounds of water from 0° to 9°, which requires 2 X 9, or 18 heat units, 
Hence, we may write, 
546S = 18 
Therefore, 5.= 18 + 546 = .033 


As given by Rontgen, the specific heat of various substances is as follows: 


Specific Heat of Various Substances 


= Solids К Liquids 
ррег.......... . +095 Waterse oth 
Wrought iron.... .1138 Sulphuric Acid... .335 
Glass........... .1937 Mercury......... .0833 
Cast iron....... .1298 Alcohol (nnn) ... .7 
Leads: .0314 Benzine...... ... .95- 
Т. 0562 Ether........... ‚5034 
Steel Sott....  .1105 
se Hard. -1175 
Brass... s -0939 
Пе. .504 
Gases 
Constant Constant 
pressure volume 
ое .23751 .16847 
Охуреп е аон .21751 .15507 
Hydrogen’. И 3.409 2.41226 
овен лк. гизи .2438 .17278 
Ammonia —- n o eT .508 .299 
Alcoholic Er њу. 4534 .399 


Absolute Temperature.—According to various experiments 
that have been made with pure gases with the use of air ther- 
memeters, it has been found that atv expands approximately 





259.6 of its volume per degree increase in temperature at zero F. 


zu of its volume ai O? C. 


NOTE.— Specific heat of gases. Experiments by Mallard and Le Chatelier indicate 
& continuous increase in the specific heat at constant volume of steaní, carbon dioxide, and 
even the perfect gases, with rise of temperature. The variation is inappreciable at 212? F., 
‘Dut increases rapidly at the high temperatures of the gas engine cylinder. 
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Accordingly, by cooling the air below zero, the reverse process should be true; 
that is to say, for each degree F. decrease in temperature, the volume at 


zero would be contracted It must be evident then, if a volume 


= 
459 .6° 
of a perfect gas could be cooled to —459.6° F. it would cease to exist, 
giving the theoretical point known as the absolute zero. However, all 
gases assume the liquid form at very low temperature, and accordingly 
do not obey the law of contraction of gases at and near the absolute zero. 


High Temperature Judged by Color.—The following table 
nas been generally accepted, giving the colors and their corre- 
sponding temperature as below: 


Deg. -Deg. Deg. Deg. 

& E C F 
ipient red heat .. 525 977 Deep orange heat.. -1,100 2,021 
pieg heat ...... 700 1,292 Clear orange heat.. 1,200 2,192 
Incipient cherry red White heat ....... 1,300 2,372 
Безе: еее: 500 1,472 Bright whiteheat.. 1,400 2,552 
Cherry red heat . 1 652 И { 1,500 2,732 
Clear cherry red heat 1 000 1 832 Dazzling white heat i a5 2 о 


Conductivity. —This is the relative value of a material, as com- 
pared with a standard, in affording a passage through itself or 
over tts surface for heat. 


Latent Heat.—Defined as that quantity of heat which dis- 
appears or becomes concealed in a body causing a "change of 
state," as in changing ice into water or water into steam. 
Latent heat causes a change of state without a change in 
temperature. 
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E" A ~ = 
18VHO NNVAT39NIH 


Per Cent of Fixed Carbon in Combustible 


Fic. 37.—Curve of relation between heat value per pound of 











4.2 4.4 
PER CENT HYDROGEN. 


Fic. 38.—Ringelman chart showing how the density of smoke varies 


4.0 


combustibles and fixed carbon in combustion as deduced by 


Kent. 


with the percentage of hydrogen in the coai. 





Combustion 


The chemical 
compounds formed 
by the combina- 
tions of carbon and 
hydrogen called 


_hvdro-carbons, are: 


Methane or marsh. 
gas (CH,) having 
a heat value of 
23,616 B.t.u.;ethy- ` 
lene or olefiant gas 
(C;H,), having a 
value of 21,344 
В.Ё.и.; асефу- 
lene (C;H3) ,having 
a heat value of 
about18,196B.t.u.; 
benzole (C,H;), 
having a heat value 
of about 18,000 
Btu. 


— - — 
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If these gases be completely consumed so as to develop the number of 
heat units given, the products will be carbon dioxide (CO;) and water 
(H.0). The igniting temperature of these gases varies from 580° to 667° C. 


Air Required.—The theoretical amount of air per pound of 
coal varies between 7 and a little over 11 pounds. 


Air Required for Different Fuels 
у 
Air theoretically Air theoretically 

















: required per 
is required:Per | 10,000 B.t.u., 
P generated 
Illinois bituminous, poor quality..... 7.0 7.6 
Illinois hituminous, good quality... .. 9.4 7.55 
Anthracite, average............. WS 10.2 7.65 
Semibituminous, Pocahontas......... 11.2 7.5 
аа ео. 14.24 7.04 
и а 
Let the ultimate analysis be as follows: 
Per cent 
Carbona e DN CMT MINER р и 74.79 
Hydrogen nene ice eM ea EN ne к у Ta 4.98 
О 6.42 
о SERERE Керү Ак 1.20 
Sulphur гизм илы See АС АЛАЛ ДКК ЫЫ Дл 3.24 
Watene ec RE d Mua UE M MR d 1.55 
О РГ ЕНСЕ ИЯ а. 7.82 
100.00 


Expressed numerically, the theoretical amount of air for the above analy- 
sis is as follows: 


7479 С X22  =1.9944 O needed 
(.0498 — 592 Hx8- 048" “ 
0324 5х1 = 0324“ =“ 
Total 20.686“ “ 
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One pound of oxygen is contained in 4.32 pounds of air. 
The total air needed per pound of coal, therefore, will be 2.361 4.322 
10.2. 


The weight of combustible per pound of fuel is .7479-++.0498* + .0324 + 
.012.=.84 pounds, and the air theoretically required per paund of com- 
bustible is 10.2 + .83 = 12.14 pounds. 


The above is equivalent to computing the theoretical amount of air 
required per pound of fuel by the formula: 


о 
Weight per pound =11.52 C + 34.56 (н-$) +4.32 S 


where C, H, O and S, are proportional parts by weight of carbon, hydrogen, 
oxygen and sulphur by ultimate analysis. 

Ques. Is it possible in practice to obtain perfect combus- 
tion with the theoretical amount of air? 


Ans. No. 


Heating Value of Fuels.—In calcuiating the heating value of 
a fuel the result is brought down to a comparative basis of 
evaporation from and at 212 degrees Fahrenheit, and mean atmos- 
pheric pressure. 

Under this condition one pound of water is turned into steam by the 
addition ot 970.4 heat units. The quantity of water which can be evap- 
orated under these conditions by one pound of pure and dry carbon is 
14.94 pounds. Asa heat unit is equal to 778 foot pounds, and as a pound 


of carbon contains about 14,500 heat units, the heat it contains would 
be equa! to 14,500 multiplied by 778 —1,281,000 foot pounds. 


In the case of hydrogen, one pound of the fuel would evaporate about 
65 pounds of water. 


Dulong's formula for the heating value per pound of dry fuel is 


B.t.u.=14,600 C+62,000 (1-2) + 4,000 5 


where C, H, O and S are the proportionate parts by weight of 
carbon, hydrogen, oxygen and sulphur. 





*NOTE.—Available hydrogen. 
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* Available" Heating Value.—77 9 lbs. of water which would 
result from the burning of one bound of hydrogen and the giving off 
of 62,000 heat units, the water being cooled to the temperature of 
the air, be passed into a hot furnace, it will be decomposed into 
eight pounds of oxygen and one pound of hydrogen. 


Example.—If one pound of hydrogen be burned in just enough air to 
supply 8 pounds of oxygen the hydrogen and air be supplied at 62^, and the 
products of combustion escape at 212?F., what is the net available heating 
value? 


у Ваш. Ваш. 
Total heating value of 1 pound of hydrogen....... 62,000 
Heat lost, latent of 9 pounds of water at 212°F.= 
ОТОС Е Нех 8,733.6 


Nine pounds of water heated from 62?F. to 212?F.. — 1,440 


Nitrogen with 8 pounds oxygen heated from 62°F. 
to 212°F. =8 3.32 x 150 X .2438 (specific heat)...... 971 11,144.6 








ЇЧе& ауайаЬе һеайпа уаїче..................... 11,144.6 50,855.4 


Example.—If the air supply be double that required to effect the com- 
bustion of the hydrogen, the other conditions being the same as in the first 
example, what is the net heating value? * у 





Ваш. 
Net available heating value (from example 1)..... 50,855.4 
Excess air 84.32 pounds 
Heat loss due to excess air 4.32* X 150 X .2375] —... 153.9 153.9 
Net heating value (including loss Бу ехсеѕз аїг)............... 50,701.85 





*NOTE.—4.32 1s the proportion of air to oxygen by weight; 


tNOTE .—.2375 is the specific heat ot air. 
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Calculation from Average Analysis 


Avail- Total Differ- Fixed Differ. 
able H. о: ence Carbon ence 

Pocahontas........ 3.89X3=11.67 84.87 73.20 74.84 +1.64 
Thacker лгу: 4.27X5=21.35 78.65 57.30 56.67 — .63 
Pittsburgh......... 4.15X5=20.75 75.24 54.49 53.81 - .68 
Darlington......... 4.01X5=20.05 75.19 55.14 54.69 — .45 
Mahoning.......... 3.71X5=18.55 71.13 52.58 50.95 —1.63 
Upper Freeport..... 3.94X5=19.70 72.65 52.95 51.63 —1.32 
ДасКзоп............ 3.22X5=16.10 70.72 54.62 52.78 —1.84 
Hocking Valley..... 3.34X5=16.70 68.03 51.33 49.64 —1.69 


Heating Value of Gaseous Fuels.—The accompanying table 
gives the calorific value of the more common combustible gases, 
together with the theoretical amount of air required for their 
combustion. 


Weight and Heating Value of Various «Gasses at 32? F. and Atmos: 
pheric Pressure. with Theoretical Amount of Air Required 
for Combustion 





мж—8 Ц 


Cubic feet!Cubic feet 
Cubicfeet| B.t.u. | B.t.u.| of air of air 
Gas Symbol | of gas per per | required] required 


per pound| pound | cubic |per pound|per.. cubic 
foot | of gas [foot of gas 











Hydrogen.......... H 177.90 | 62000] 349 | 428.25 2.41 
Carbon monoxide... CO 12.81 4450 347 30.60 2.3 

Methane........... CH: 22.37 | 23550 | 1053 | 214.00 9.57 
Acetylene ......... CH; 13.79 | 21465 | 1556 | 164.87 11.93 
Olefiant gas........ CH: 12.80 | 21440 | 1675 | 183.60 14.33 


(Еспапе и CHS 11.94 | 22230 | 1862 | 199.88 16.74 
EE 2229. 1 99241 199.55 | 16.48 — 
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Example—Assume 2 natural gas, the analysis of which in percentages 
by volume is oxygen -.40, carbon monoxide -.95, carbon dioxide — .34, 
olefiant gas (C°H‘) —.66, ethane (C?H*) —3.55, marsh gas (CH*) 272.15 
and hydrogen -21.95. All but the oxygen and the carbon dioxide are 
combustibles, and the heat per cubic foot will be, 


From CO = 0095 X 339 = 3.22 
СН: = .0066 х 1,675 = 11.05 
C?H* - .0855 x 1,859 — 65.99 
СН* = .7215 X 1,050 = 757.58 
H = .2195 Х 346 = 75.95 





B.t.u. per cubic foot 913.79 


Calculated Theeretical Amount of Air Required per pound of 
Various Fuels | 


с 





Weight of constituents in one 
‘pound dry fuel Air’ required 
Fuel Me pers pound 
ў of fuel 
Carbon | Hydrogen; Oxygen pounds 
percent | percent | per cent 








Coke a aE 94. eG Ns 10.8 
Anthracite coal.......... 91.5 3.5 2.6 . МИ 
Bituminous coal 87. 5. 4, 11.6 
Lignite. . . 70. 5 20. 8.9 
Wood... 50. 6 43.5. 6. 

ОЕЕО 85. 13. 1. 14.3 





Example—Assume a blast furnace gas, the analysis of which in per- 
centages by weight is, oxygenz2.7, carbon monoxide -19.5, carbon 
dioxide =18.7, nitrogen 259.1. Here the only combustible gas is the 
carbon monoxide, and the heat value will be, 


.195X 4.450 —867.8 B.t.4. per pound. 


The net volume of air required to burn one pound of this gas will be, 


.195 X30.6 =5,967 cubic feet. 
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Oxygen and Air Required for Combustion of 32 Degrees and 29.29 
Inches. By Weight 













ва а C-F20 «CO. [Carbon dioxide. . 12.52 | 14,600 
Carbon.. 12 С+О=СО |Carbon monoxide, 6.76 | 4,450 
Carbon monoxide. СО | 28 |CO+0 =CO, |Carbon dioxide. . 3.47 | 10,150} 
"Hyárogen........ H | 1 aH reo Water.........,. 35.56 | 62, 

«+40 = |Carbon dioxide © 18.28 | 23,550 






CO:4-2H;O | and water...... 
S4-20 = 50, [Sulphur dioxide... 







Oxygen and Air Required for Combustion at 32 Degrees and 29.92 
Inches. By Volume 





112.98 | 142.87 
56.49 | 86.38 
24.20 | 37.00 

339.09 | 518.41 

169.55 | 236.89 
42.39 | 53.60 





* Ratio by weight of O to № іл аі. -$ Per pound of C i 
t 435 pounds ol tir contains one pound of О. Ratio by volume 


45 
of 
5 
z 
5 
Ё 


The net air required for combustion of one cubic foot of the gas will be, 
co .0095 X 2.39 = .02 
CH! = .0066 X 14.33 = .09 
CH = .0355 Х 16.74 = 59 
CH = .7215 X 9.57 = 6.90 
н = 2195 Х 2.41 .08 


Total net air per cubic foot 8.13 


Io pcc н! 
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у CO2 and Fuel Losses. 
(for pure carbon and, 500?F. stack temperature 





















According to Hays 
Pct. pre- Pct. pre- Pct. pre- 
ventable ventable ventable 
Pct. - Fuel Pet. Fucl Pct. Fuel 
COs Los СО, Loss CO: Loss 
БЫ: 22,79 
48 ПУ 24.21 
6 25.76 
АТА Ала 27.44 
A E A 29.29 
АИО И. 31.28 
За 33.58 
З-б окоро" 36.08 
EE E 38.87 
Зн 42.01 
ЗЕЯ 45.28 
Зу. 49.64 
пеи: 54.34 
DE o ne 60.32 
ООА 66.3 
ан 74. 
ОНА 83.56 
бе 95.45 
1.4 
1.2 
1. 
8 
6 
4 
2 
CO2 AND AIR EXCESS 
(According to Hays) 
* Percentage Percentage Percentage Percentage 
со; air excess CO: air excess 
15 7 158.7 
14 8 195.7 
13 6 245 
12 5 314 
11 4 417 
10 3 590 
9 2 935 
i 1970 
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Air 
Air is a mechanical mixture composed of 78% by volume of 
nitrogen, 21% of oxygen, and 1% of argon. The weight of pure 
air at 32° Fahr. and atmospheric pressure (29.92 ins. of mercury 
or 14.7 Ibs. per sq. in.) is .08073 Ib. per cu. ft. 


The volume of a pound of air at the same temperature and pressure 
is 12.387 cu. ft. 


The weight of air at any temperature or pressure is: 


1.325 XB 


W-- TN UL M (1) 





‘in which 
W =weight in Ibs. per cu. ft. 
B =height of barometric pressure in ins. of mercury. 
T -absolute temperature Fahr. 


The absolute zero from which all temperatures must be 
counted when dealing with the weight and volume of gases is 
assumed to be —459.6? Fahr. Hence, to obtain the absolute 
temperature T used in the formula above, add to the temperature 
observed on a regular Fahrenheit thermometer the value 459.6. 


in obtaining the value of B, 1 in. of mercury at 32° Fahr. may be taken 
as equal to a pressure of .491 Ib. per sq. in. 


Example.—What is the weight of a cubie foot of air at atmospheric 
pressure (29.92 ins. of mercury) at 100° Fahr.? 


Substituting in formula (1), 
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1.325Ж29.92 


W= 710044592 = .0709 Ib. 


The specific heat of air, that is, the heat units required to raise 
the temperature of 1 Ib. of air 1? Fahr. equals, at constant pres- 
sure .2375 B.t.u. and, at constant volume .1689 B.t.u. 

The pressure of the atmosphere varies with the elevation. 
The pressure decreases approximately one-half pound for every 
1,000 feet of ascent, being measured by a barometer in inches of 
mercury. 

To obtain the pressure in Ibs. per sq. in. from the barometer 
reading, multiply the barometer reading by .49116. 


Thus, a 30 inch barometer reading signifies a pressure of 
,-49116 X30 = 14.74 lbs. per sq. in. 


The following table gives the pressure of the atmosphere in pounds 
square inch for various readings of the barometer. 5 By I 


Pressure of the atmosphere per square inch for various readings of 
the barometer: 


Rule.—Barometer in inches of mercury X.49116 =lbs. per sq. in, 


Barometer Pressure Barometer Pressure 
(ins. of mercury) | per sq. ins., Ibs. | (ins. of mercury) | per sq. ins., Ibs, 


28.00 





Weight and Volume of Air 
1 cu. ft. of air at 32? F. and atmospheric pressure weighs .080728 Ib. 


е ; , ox 40005606 Ib. per sq. in. 
1 ft. in height of air at 32° F. = 050 in. of water at 62° F, 
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For air at any other temperature T? Fahr. multiply by 492 +(460+-T). 
1 Ib. pressure per sq. ft. 212.387 ft. of air at 32? Е. 

qs 6 Саи m dtd dae алс tis 

1 іл. оЁ water at 62°F. =64.37 “ " “4 

For air at any other temperature multiply by (460+-T) +492 


At any fixed temperature the weight of a given volume is proportional 
to the absolute pressure. 





Water 


Water freezes at 32° and boils at 212° Fahr. when the 
barometer reads 29.921 ins. 


The boiling point of water will lower as the altitude increases; at an 
altitude of 5,000 feet, water will boil at a temperature of 202° Fahr. 










MAXIMUM 
DENSITY 


Figs: 41 to 44.—The most remarkable characteristic of water: expansion. below and above iis 
temperature or " point of maximum density" 39.1? Fahr. Imagine one pound of waterat 39.1" F. 
placed in a cylinder having a cross sectional area of 1 sq. in. as in figJ42; The water havi 
volume of 27.68 cu. ins., will fill the cylinder to a height af 27.68 ins. TÉ the liquid be cooled 
it will expand, and at say the freesing point 32° F., will rise in the tube to a hei; At of 27.7 1ns.. 
as in Be eer cere: 3 үп, if the li ЊЕ in fig 42 be heated, it will also expand and 

rise in the tube, and at say the boiling point (for atmospheric pressure 212? FP. i 

the tube to a height of 28.88 cu. ы А infig.44. 7 P в 


FREEZING BOILIN 
POINT POINT? 


I——— — Á—— —c— M 
и 
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At its maximum density (39.1? F.) water will expand as heat is added, 
and it will also expand slightly as the temperature falls from this point. 
An increase of pressure elevates the boiling point. 


The weight of a cu. ft. of water at maximum density is 62.425 Ibs. 


Water contains, mechanically mixed with it, about 5% of its volume of 
air, hence the necessity of air pumps for surface condensers. 


The compressibility of water is from .000040 to .000051 for one atmo- 
sphere decreasing with increase of temperature. 


1 lb. of water = 27.464 cu. ins. 
=,12 U.S. gallon. 
1 си. іп. of water = .03607 Ib. at 62? Fahr. 


Expansion of Water.—The following table gives the relative 


volumes of water at different temperatures, compared with its 
volume at 4° C. according to Kopp, as corrected by Porter. 


Expansion of Water ! 


Cent. .| Volume. 


1.00586 
1.00767 
1.00967 
1.01186 
1.01425 
1.01678 
1.01951 1.04332 





Steam 


Steam is the invisible vapor of water and is classified as: wet, 
dry, saturated, superheated or gaseous. 


э 


NOTE.--The white cloud seen issuing from an exhaust pipe, and ignorantly called steam, 
is not steam, but in reality, a fog of minute liquid particles produced by condensation. 
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THE HEAT AND WORK REQUIRED 
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tages in the making of steam from 


1x $i 


illustrating the s 


—From ice to steam. 


fics. 45 to 50 


ice at 32° Fahr. 
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The author does not agree with the generally accepted calculation for 
the external latent heat, or external work of vaporization ànd holds that 
it is wrong in principle. The common method of calculating this work is 
based on the assumption that the amount of atmosphere displaced per 
pound of steam, is equal to the volume of one pound of saturated steam 
at the pressure under which it is formed; it is just this point wherein the 
error lies, as will now be shown. The volume of one pound of water at 
212° atmospheric pressure, is 28.88 cu. ins. Now, if this water be placed 
in a long cylinder, having a cross sectional area of 144 sq. ins. it will occupy 
a depth of .0167 ft. 


If a piston (assumed to have no weight and to move without friction) be 
placed on top of the water as in stage 4 (fig. 48), and heat applied, vapor- 
ization will begin, and when all the water has been changed into saturated 
steam, the volume has increased to 26.79 cu. ft., as in stage 6, (fig;/50)$ that 
is, the volume of one pound of saturated steam at atmospheric pressure is 
26:79 cu. ft. 
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Fic, 51.—The phenomena of vaporization or process of boiling. 
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Since the area .of the piston is 1 sq. ft., the linear distance from the 
bottom of the cylinder to the piston is 26.79 ft., but the piston has not 
moved this distance. The initial position of the piston being .0167 ft. 
above the bottom of the cylinder, its actual movement is 

26.79 — .0167 = 26.7733 ft. 


Accordingly, the work done by the steam in moving the piston against 
the pressure of the atmosphere to make room for itself or 


external work —area piston X pressure of atmosphere XX movement of pistor. 
—144sq.ins.X 14.7 Jbs. per sq. ins. X 26.7733 ít. 
= 56,673.72 ft. Ibs. 
The erroneous method of making this calculation is to consider tue 
movement of the piston equal to the distance between the bottom of the 
cylinder and the piston, or 26.79 ft., which would give for the external 


work 
с 144 «14.7 «26.79 = 56,709.07 #. ІЬ5. 
being in excess-of the true amount by 
56,709.07 — 56,673.72 =35.35 ft. Ibs. 


0167 ft. X144 sq. ins. X14.7 =35.35 Н. Ibs. 


Motion is purely a relative matter, and accordingly something must 
be regarded as being stationary as a basis for defining motion; hence the 
question: . 

Is the movement of the piston 4n stage 6 (fig. DO) to be referred to a station- 
ary water level or to a receding water level? 


The author holds that the movement of the piston referred to a stationary 
water level gives the true displacement of the air and is accordingly the 
proper basis for calculating the external work. It must be evident that 
since the water alreddy existed at ‘the beginning of vaporization, the 
atmosphere was already displaced to the extent of the volume occupied 
by the water, and therefore this displacement must not be considered as 
contributing to the external work done by the steam during its formation. 
The amount of error (35.35 ft. Ibs.) of the common calculation, though very 
smali, isan appreciable amount; its equivalent in heat units is 


35.35 -- 777.52 — .0455 B. t. u. 


or: 


The thermal equivalent of the external work is 
56,673.72 —- 777.52 — 72.89 B. t. u. 
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Steam Table 
giving 


Properties of Saturated Steam 


EE 
95 
W = 
25 


STEAM 
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588 |36©14|1199.2| 837.9 





The Steam Takle.—By definition the properties of steam 
given in tabular form. A few values are given above to illustrate 
how to use the steam table. 


For table giving values from 29.74 in. vacuum to over 5,000 lbs. absolute 
pressure, see Audel’s Engineers and Mechanics Guide Vol. I. 
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The following examples illustrate how to use the steam table: 


Example.—How many heat units are saved in heating 25 Ibs. of feed 
water from 90° to 212°? 
In column 4, total heat in the water at 212°=180 
In column 4, total heat in the water at 90°= 58 
Heat units saved per Ib. of feed water =122 
Total heat units saved = 122 X25 =3,050 В. Е. и. 


Example.-—What is the weight of 20 cu. ft. of steam at 150 Ibs. absolute 
pressure? 





The weight of 1 cu. ft. steam at 150 Ibs. abs. is given in column 9 at 
.332 lb. Twenty cu. ft. then will weigh: .332 X20 =6.64 155. 


Example.—How much more heat is required to generate 26 lbs. of steam 
nt 150 lbs. abs., than at 90 lbs. abs. 


In column 5 total heat in steam at 150 Ibs. abs. = 1,193.4 
In column 5 total heat in steam at 90 lbs. abs. =1,184.4 


Excess heat required per pound (weight) = 9 Btu 
Total for 26 lbs: =9 X26 223.4 B. t. u. 





Example.-—How much heat is absorbed by the cooling water, if a con: 
lensing engine exhaust 17 Ibs. of steam per hour at a terminal pressure 
nf 18 Ibs. absolute into a 281% inch vacuum. 


In column 5, total heat in the steam at 18 lbs. abs. = 1,154.20 
In column 4, total heat in the water with 2815" vacuum= 58.00 
Heat to be absorbed per lb. ofsteam .............. = 1,096.2 


Total heat absorbed by the cooling water per hour 
1,096.2 17 = 18,635.4 B. t. u. 


Factor of Evaporation.—Defined as ihe quantity which when 
multiplied by the amount of steam generated al a given pressure 
from water al a given temperature, gives the equivalent evaporation 
from and at 212? Fahr. 
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Expressed as a formula: 
| H—-k 
F -XNLE 0 Meet nnnm (1) 
fa which F =Factor of Evaporation. 

H =Heat above 32° Fahr. in the steam at given pressure. 

Àh =Heat above 32° Fahr. in water at given:pressure. 

H'— Heat above 32? Fahr. in steam at atmospheric pressure. 
À' «Heat above 32? Fahr. in water at atmospheric pressure. 


Formula (1) just given is expressed in the simplest form as 


Here 970.4=H' —h’ =1150.4—180 (see steam table) 


Example:—What is the factor of evaporation for steam at 200 pounds 
pressure when the feed water is delivered to the boiler at a temperature of 
150° Fahr.? From the steam table, the heat H, in thesteam at 200 pounds 

ressure =1,199.2 B.t.u. The heat k, in the feed water above 32° at 150° 

ahr. is 150—32=118B.t.u. Substituting these values in formula 2 


1,199.2 —118 
970.4 


‘The meaning of it is that if a boiler were generating, say 1,000 pounds of 
steam per hour at 200 pounds pressure, from feed water at 150? Fabr. it 
would absorb the same amount of heat from the fire as when generating 


1,000 X1.1142 =1114.2 lbs. 


of steam “from and of 212°", that is generating steam at atmospheric 
pressure from feed water at 212°. 


F= =1.1142 





Example.—A boiler evaporates 1,000 pounds of steam at 95 pounds 
gauge pressure and the feed water is heated to 110°. How much steam 
will it evaporate from and at 212°? 


Referring to the table or page 64, the factor of evaporation given 
for steam at 95 lbs. pressure with feed water at 110°, is 1/145. 
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Steam and Hot Water Heating 


Loss of Heat from Buildings.—To determine the size of a 
heating plant it is necessary to first estimate the loss of heat 
from the building. This is figured on a basis of B.t.u. lost 
per hour. 





ATTACH PIPE i 
ON FLANGE SMOKE 


Example.—What willbe the 
loss of heat in B.t.u. per hour 
in a sing'e room of a brick res- 
idence if the temperature in- 
side be maintained at 72 de- 
grees F., when the temperature 
outside is at 30 degrees, the 
construction being as follows: 
16-inch brick walls; four 3x6 
windows, northern and western 
exposure; fire proof flooring and 
ceiling; size of room 15X20X 
14 (high). Area of windows 
4X (3X5) =60, 


ШШШ | 
Т 





Fic. 52.—Andrews vertical tubular boiler. An example of a heating boiler which has ade. 
quate heating surface. Most heating boilers have a ridiculously small amount of heating 
surface and are accordingly very wasteful of fuel. Sec page 73. 
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Loss of Heat per Square Foot of Surface 
Material Ваља. Material Ваш. 
per hour per hour 
Masonry Partitions, Floors and 
4 inch brick wall.......... 68 Ceilings 
ата A н .46 ..| Stud partition, lath and 
п. 32 plaster one side......... .26 
Тео eee See 26 | Stud partition, lath and 
20 '• а а 23 plaster both sides....... 15 
Ordinary lath and plaster 
ceiling separating un- 
heated. space from 
heated rooms........... .26 
For reinforced concrete add Floor, single, thickness 
20 per cent to brick values inch, warm air above 
12 inch stone wall, ». and cold space below: 
block masonry........... 45 A. No plaster beneath 
161 inch stone wall, т: -20 
block masonry........... 4 В. Lath and ‘plaster 
20 inch stone wall, beneath joists... -12. 
block masonry. -......... .36 Floor, double, thickness 
24 inch stone wall, 1% inches, warm room 
block masonry......... ulus above and cold space 
28 inch stone wall, below: 
block magonry........: 27 A. No plaster beneath 
36 inch stone wall, joists ОНА .13 
block masonry. . 25 B. Lath and plaster 
44 inch stone wall, beneath joists.. .08 
block masonry..... Во .2 Miscellaneous 
Planks Wood as fiooring acts ears d 
i i ceiling........... Л 
а Re t Eu 22 
214 « «cd WHO NUR 23 Fire proof flooring........ 124 
3 u а i er IS 2 e “ coiling, EA .145 
it as flooring. ....... ЗІ 
Windows, Skylights, and Due 4 А 2i 
Outside Walls Wood under slate or com- 
Single window............ 1.10 position roof......... E 3 
a К double glass. 62 Wood, under iron......... 17 
Double € уд та .50 "Tile (no boards underneath) 1.25 
Single skylight............ 1.16 Cement roof............-, 6 
34 inch sheathing and clap- 
boards a 5 eee .30 
M inch sheathing, paper d 


and clapboards 
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Area of walls 2(15 4-20) X14 — 60 2920 square feet 
“ '" floor 15K 20 = 300 ^" X 
"  ' ceiling 15X20= 300 ^" у 


The values given for heat losses in the table should be increased as fol- 
lows: 


For northeastern, northwestern, western or 


погіћегп ехроѕиге.................. «+420 to 30%. 
For rooms 13 to 1414 feet high........... 61595. 
For rooms 1414 to 18 feet high............ 10%. 


When building is heated during the day only 30%. 


When building remains for long periods without 
heetzo o Mr ord ЕЛУ КУЕ 50%. 


В, tu. lost through windows= 60X1.1 X(72°—32°) =2,640 
walls =920X .27 X(72°—32°) =9, 936 

^ x " flor =300Х .124Х(72°—32°) =1 ‚488 

* 9 “ ceiling =300X .145 X(72°—32°) =1 740 


Total loss of heat per hour, normal conditions . 15 3048. t.u, 


This loss is increased: 30 % by northern and western exposure; 644 % 
for high ceiling, that is, total loss of heat per hour under the special con- 


dition is: 
15,804 X 1.365 —21,573 B.t.u. 





Estimating Radiation.— The amount of heat given off by 
ordinary radiators is commonly taken as 


1. For steam 


250 B.t.u. 


2. For hot water 


150 B.t.u. 


indie ia Ct repe = - — – en et —— -— — - 
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The following table gives values for the various systems when 
the air is at 70? Fahr. 


Heat Given Off by Radiators 


—— 
















Temperature B.t.u. 












System Working селге per square foot 
pressure per hour 
Steam (low pressure)....... 5 lbs. gauge ‚228 250 
* (atmospheric)...... ОБЕ Е ‘212 : 221 
*  (socalled vapor)....| 5 in. vacuum 203 213 
* (vacuum) 10 < a 192 195 
Ж 6 Li ut 179 .. 174 
& s 20 “ я 161 146 
Маеги уныш от КО НА Ои: $ 160 ` 150 


The values 250 and 150 for low pressure steam and hoi water 
resbeciively although only approximate, are standard values for 
ordinary calculations. : 

Radiation Tables 
(For steam and hot water) 














Cu. ft. of Cu. ft..of 
Dwellings space using space using 
steam hot water 
Living rooms, one side exposed......... 50 to 55 25 to 30 
4 *  twosides “ 45 * 50 20 * 25 
ч “ three “ T 40 * 45 » 15.4520 
Sleeping mea P об В P 50 “ 70 30 “ 35 
Halls and bath rooms. 40 “ 50 20 * 30 
Public Buildings 
OP CES аа $0 * 25 30 “ 40 
О се 40 “ 60 20 * 30 
Еас{опез апа 5їоге$.................... 70 * 100 40 * 60 











———————————— 
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Example.—How many sq. ft. of radiator surface are required to heat 
a room for low pressure steam and hot water radiators when the heat loss 
is 22,293 B.t.u. per hour? 


Total heat loss per hour is 22,293 B.t.u. 


For steam sq. ft. radiator surface =22,298--250:= 89 
* hot water “ “ (9 22,293 :- 1502149 





Size of Mains.—Tlie steam main can be determined by taking 
the totàl amount of direct radiation to which add 25 per cent fot 
piping, and from this total extract the square root, dividing same 
by 10, which gives the size of main to use. This is for one pipe 
work. For two pipe work, one size less is sufficient, and the return 
can be one or two sizes less than the supply. A steam main should 
not decrease in size according to the area of its branches, but very 
much slower. i 


Example.—Having 500 feet of direct radiation add to it 25 per cent ог. 
125, which equals 625. The square root of this is 25, which divided by 10 
gives 214, or the size of the pipe. For handy reference and practical use 
the following table can be used, though not not exactly in accord with the 


foregoing. 
Size of Steam Mains 

: Radietion One-pipe work Two-pipe work 

125 square feet 1% inch 14%X1 inch 

250 “ s 2 u 1%x1% “ 

40 s t 254 " 2 X1 4 

650 “ & з 2X2 â 

900 “ Є 3% * 38 x2) 8 
1,250 “ д 4 “ зихз а 
1,600 “ s 44% “ .4 x3M 8% 
2,050 “ s 5 6 4% х4 4 
2,500 <“ “ 6 “ 5 хам ‹ 
3,600 “ s 7 £ 6 х5 € 

3 а « 8 “u 7 x6 а 
6,500 “ s 9 £ 8 х6 © 
8,100 “ e 10 х 9 x6 ‹ 


Mechanical Calculations 71 





Heating Surface Factors for Green House Heating 





Temperature of water in heating pipes Steam 









Temperature 
of air 
in house 


200° Three Ibs. 


o 
180 pressure 


140^ | 160° 











Square feet of glass and its equivalent proportion to 
one square foot of surface in heating pipes or radiator. 










40° 4.33 5.25 6.66 7.69 8. 
45° 3.63 4.65 5.55 6.66 7.5 
50° 3.07 3.92 4.76 5.71 7. 
55° 2.63 3.39 4.16 5. 6.5 
60° 2.19 2.89 3.63 4.33 6. 
65° 1.86 2.53 3.22 3.84 5.5 
70° 1.58 2.19 2.81 3.44 5. 
75° 1.37 1.92 2.5 3.07 4.5 
80° 1.16 1.63 2.17 2.73 4. 
85° 99 1.42 1.92 | 2.46 3.5 
* Sizes of Hot Water Mains 
Radiation Pipe 
75 to 125 square feet 114 inch 
125 * 175 4 « 152 « 
175 “ 300 “ g 2 i 
300 < 475 *" а 214 • 
475 * 700 & s 3 4 
700 “ 950 & & 3% & 
950 *1,200 “ & 4 g 
1,200 “1,575 4 « 44% « 
1,575 “1,975 & x 5 Dd 
1,975 “2,375 “© и 5 « 
2,375 “2,850 & & 6 s 


In hot water, flow mains may be reduced in size in proportion to the 
branches taken off. They should, however, have as large area as the sum 
of all branches beyond that point. It is advisable that the horizontal 
branches be one size larger than the risers. Returns should be same as 
dows. 


* NOTE-—As recommended by the William Page Boiler Co,, New York, 


Ei a нат 
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Table of Mains and Branches 








Main Brancn 

ee ЖШ виру рҮ ВИ е ae 
. ОИ Не іп. 

ш з я ARTAN pc Me CHA 
in. ККК КОСУНУН ease sees ан О 
214 in. я “ ...2, 1% т. апа 1, lin, ог 1,2  in.and 1,1М1п. 
3, in. ^ * ...1,214in.and 1,2  in., or 2,2 in. and 1,126 іп. 
326 іп. = “ ...2,24in. or 1,3 in., and 1, 2 in. or 3,2 in. 
4 in. ~ У ...1, 814 in. and 1, 2% т., ог 2,3 in. and 4,2 in. 
На A ...l,8L$in.and 1, 3  in., or 1,4 in. and 1,214in. 
in. А s ТЕГЕ іп.апі1,3 in, or 1, 416 іп. апі 1, 226 іп. 

5 in. E оа: and 1, 3 in., or 4, З іп. ог 10, 2 in. 
T in Y ~ ...1,6 in.andl,4 in. or 3,4 in. and 1,2 in. 
8 in. ...2, 6 in.and 1,5 in. or 5,4 in. and 2,2 іп. 


Properties of Radiators 


Peerless Two-Column Radiators Peerless Three-Column Radiators 


For Steam and Water For Steam and Water 
t HEATING SURFACE — SQUARE FEET 


Мо. — 
Length 45-in. | 38-in. - in. «in. ла, | of Length 454а, | 3gin. | 3240. | 2640. 16-52. 
Sec: | 294 in. | Height | Height ец Height | Height | Sec» | 254 in. Нен Height Height Height Height Height 
per Sec.|5 Sa Ft 4 Sa.Ft.| Ft Fe e tions iper See.|ó сн #5 за. ít] 455 sq. (133€ 39. 1043 xa. ft ng 
per 5ec.]ner Sec.| a a i ‘[per Sec.| per Sec. | pec Sec. [per Soc] per 
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The respiration of one adult person will vitiate hourly about 
500 cu. ft. of air, to which should be added vitiation from other 
sources, such as moisture from the body, methods of illumina- 
tion, etc., making a requirement of about 1,000 cubic feet per 
hour of fresh air for each adult person in average living rooms 
and places of assembly. 

The fresh air from the outside passes through registers at a 
velocity from 200 to 300 feet per minute. The dear openings 
of a register will be approximately two-thirds of its full area; 
thus a 12 by 15 register would have an available area of 120 
inches. The fresh, warm air, passing at this rate per minute, 
would supply from 10,000 to 15,000 cubic feet an hour, and meet 
the requirements of a family of from 10 to 15 persons 


The requirement of Massachusetts Laws in the ventilation of school 
rooms is 30 cubic feet of fresh air per minute for each pupil. Thus, the 
averagé room providing for 50 pupils would require 1,500 cubic feet per 
minute, or 90,000 cubic feet per hour Contemplating a movement of the 
air at the rate of 5 feet per second, and supply and exhaust registers—2 by 
214 feet each—or an area of 5 square feet will insure the desired result. 


For churches and general assembly halls; the requirement is 15 cubic 
feet per minute for each person. 


Steam Heating Boilers 
25:1 


The Heating Surface.—The author after a laborious exami- 
nation of about one hundred boiler catalogues found that while 
nearly all gave the grate area, very few gave the area of heating 
surface (for obvious reasons). 

While, for example, he found that in one size of the Vance 
boiler 38 square feet of heating surface per square feet of grate is 
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provided, in another make boiler (the name ought to be printed 


in large letters) only 8.3 square feet of heating surface is pro- 
vided per square foot of grate. 


Where there is any regard for economy an adequate amouné 
of heating surface will be provided. 






THE CELLAR | 
HEATING SURFACE 


THE WATER 
HEATING SURFACE 


Fic. 53.—The principal reason why the tenants get no hot water. It's not the fault of the 
manufacturer, he simply builds what the public is willing to pay for and does not worry 
about the coal bills. 


According to the American Society of Heating and Ventilation Engineers: 
“The grate surface to be provided depends on the rate of combustion 
and this, in turn, on the attendance and draught, and on the size of the 
boiler. Small boilers are usually adapted for intermittent attention and 
a slow rate of combustion. The larger the boiler the more attention is 
given to it and the more heating surface is provided per square foot of 
grate." 


“The following rates of combustion are common for internally fred 
heating boilers”: 


ва ftot grate- анс 4to8 10to18 20to30 
Lbs. coal per sq. ft. of grate per hour 4 6 10 


The following table from Kent gives some proportions and 
results that should be obtained: 
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— ———————_ tft 


Proportions and Performance of Heating Boilers 


SE 











Low | Medium High 
boiler | boiler boiler 
————_'!'!_— ск си 
1 square foot of grate should burn..... 8 4 |5 pounds coal per 
our 
Мр Дра " develop. | 30,000 40,000 |50,000 B.t.u. рег 
hour 
Е “O CO M Will require... 15 | 20 |25 square feet heat- 
f А | ing surface 
ots LE In EIE " supply..... 120 160 |200 square feet ra- 


7 | diating surface 
td iting surface. 








Fuel « 


































Number] anthracite of 8 hour 
of pounds per grate | sections rating 
boiler | square foot square [including square feet 
of grate feet dome 
——— 
0 4.89 1.28 
1 5.12 1.23 
1% 5.28 1.23 






5.44 1.23 





The above tests (as given in one manufacturer’s catalogue), of severai 
cast iron boilers all having the same size grate, but with different number 
of sections, show the importance of an adequate amount of heating surface. 
It is simply a matter of whether the purchaser prefers a cheap boiler and 
big coal bills, or the expensive boiler and small coal bill—that is for him 


to decide. 
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Plumbing 


The plumber in his work comes in contact with many ar- 
ticles such as pipes, fittings, fixtures, etc., made of various 
materials such as lead, iron, brass, etc. 


Varieties of Modern Babbitts 


Nickel 
Antimony 
30 per cent 
Phosphoro 


Aluminized 
Zine 


Reference 
Numbers 
75 per cent 
Aluminized 
Cadmium 
Metallic 


2 
5 


о л 


3. 
3. 
4. 
3. 
2. 
4. 
6. 
4. 
6. 
1. 
1. 
1. 
6. 
2. 
3. 
4. 
5. 
6. 





Ingredients | Melting Point |Specific Gravity|—————--——-,---———— 
| Per cu. in. | Per cu. ft 


Lead | 620° аһг. | 1.070144] 41% | 709.7 








‘Tin | 449° Fahr. 7.297 to 7.409 2652 | 458.3 





Sheet Metal and Wire Gauges 









nited States Brown & 
Steel British Sharps or 
and Imperial or American 
No: Sheet Iron | Standard Stubbs |Wire Gaug: 
0000000 .500 Жжж» 
000000 „46875 ве... 
00000 4375 ве... 
0600 40625 .460 
e 000 .375 .40964 
00 .34375 .36480 
2 2 0 .3125 .82495 
1 .28125 .28930 
2 265625 „25763 
3 .25 .22942 
4 „234375 7.20431 
6 ‚21875 „18194 
6 .203125 .16202 
P 
1 .1875 14428 
. 8 -171875 „12849 
9 „15625 ‚11443 
10 .140625 .10189 
и .125 .09074 
12 .109375 .08081 
13 09315 .01196-- 
14 -078125 00408 
15 .0703125 „05707 
16 0625 .05082 
17 .05625 „04525 
18 .05 .04030 
19 04375 «03589 
20 .0375" 02196 
21 « .034375 .02846 Г 
22 „03125 025347 
23 .0281 .022571 
24 .028 0201 ^" 
' 25 .021875 0179 
26 .01875 01694 
27 „0171875 2014195 
28 .015625 „012641 
29 «0140625 ‚011251 
30 .0125 .010025 
31 „0109375 .008928 
32 01016626, „00795 
33 .009375 .00708 
34 0085937 .0063 
35 „0078125 „00561 
36 0070312 005 
s .0066406 .00445 
88 .00625 .003905 
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Solder Required for Wiped Joints. 
(According to Hutton) 

















Size of pipeins.......| 14 34 1 1% |13 water | 114 waste 
Ounces of Solder...... 9 12 16 16 18 | 13 


ОИ 


Size of pipe ins. | 114 water | 2 waste | 3 маме | 4 waste| 4 vertical 





Ozs. of Solder 20 20 24 34° 28 
nn 


Sheet Metal and Wire Gauges.—The thicknesses of sheet 
metals and the diameters of wires conform to various gaug- 
ing systems. 

Much confusion has resulted from the use of gauge numbers, 
and in ordering materials, it.is preferable to give the exact 
dimensions in decimal fractions of an inch. 


While the dimensions thus specified should conform to the gauge or- 
dinarily used for a given class of material, any error in the specification 
due, for example, to the use of a table having “rounded off” or approximate 
equivalents, will be apparent to the manufacturer at the time the order 
is placed. Furthermore, the decimal method of indicating wire diameters 
and sheet metal thicknesses has the advantage of being self-explanatory, 
whereas arbitrary gauge numbers are not. The difference in various 
gauges will be apparent from the table on page HES 


Table of Brazing Solders’ 


Description 


Coppersmiths’ strong spelter 


Coppersmiths' spelter. 

Ordinary refractory spelter 

Hard white solder. 

Half white, easil 

Spelter, readily fusible... ...... eee 
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Brazing.—Brass or gun metal united by this process will 
produce a joint as hard as the metal pieces united. 

Iron and steel, especially small pieces of finished work, may 
be united by the same means. 


Miscellaneous Brazing Solders 


PERCENTAGE 
Characteristics 


Easily fusible 
Easily fusible 
White solder 





Wrought Pipe 


Wrought Pipe.—The term “wrought iron pipe” is often erro- 
neously used to refer to pipes made to Briggs’ standard sizes. 
rather than of the material, hence, in ordering pipe, if iron 
pipe be wanted instead of steel, care should be taken to specify 
genuine wrought iron, ox guaranteed wrought iron pipe. 

For calculating heating plants, etc., the following table will 
be found useful: 
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Properties of Standard Wrought Pipe 


Тимати ог [РЕ Я 
ER SQUARE | БЕО Wrionr | 


Threaded m of 
Tew 


Ва 





Average Weight of Cast Iron Pipe 
(According to Abendroth) 











Diam. in ins. 2 3 4 5 6 8 10 12 | 15 


Weight in lbs. per 5 ft. length 





1734 | 2234| 3214 | 4214 | 5214} 85 | 115 | 165 | 225 








p 


xtra heavy........} 2714} 4714] 65 |85 100 | 170 | 225 | 270 | 375 
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Cast Iron Pipe.—In packing the annular space or socket of 
bell and spigot pipe, the amount of material necessary is given 
in the following table: 


Oakum and Lead for Caulked Joint 

















Size of Pipe 
Material кесше 
2 | з | 4 | 5 6 7 8 10 
Oakum. ........ 3 44| 5 | 6] 714| 83| 9% | 12 | 
(Ft. reqd.)...... | 
Геза кыгыз їй дз | °з а ceiling 7% 
(Ibs. reqd.)..... | | 








Soil Pipe.—The regular length of pipe shall be such as to 
lay 5 ft. Including hub the average weights shall be not less 
than the following: 

Weight of Soil Pipe- 


Single Hub Double Hub 


Size, Inches 


Per 5' Length Per Foot; Including Per 5' Length 
Pounds Hub, Pounds `, Pounds 


27% 





2 Individual lengths of pipe and fittings may weigh 5% less than desig- 
nated above, but only when the average weight of a given size and make 
of pipe and fittings selected at random is not less than above shown. 


Radius of Fittings.—The standard radii for bends, offsets 
and traps are as given in the following table:— 
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Offsets.—The radii of the bends on offsets, both regular and 
1 bend offsets, shall be as follows: 
Diameter, 2” 35 4" Б” 6” 
Radius, 2" 214" 3° Зи" 4" 
The angle of the bends of regular offsets shall not be more than 76 


degrees. 
The angle of bends of eighth bend offsets shall be 45 degrees. 


Traps.—The radii of all traps shall be as follows: 
Diameter, 2 Es 4" 5" 6” 
Radius, 2° 216" 3^ 34” 4" 
The caulking room at spigot end shall not be less than 5”, 
The seal to be not less than 214”. 
Laying Lengths.—The laying length as given in the tables 
on page 83 is the overall length less the telescoping. 





Plumber’s Brass Tubing.—For bars, waste piping, railings,’ 
etc., nickel plated brass tubing is largely used, because of its 
appearance and the light duty it receives permits a lighter 
tube than regular wrought pipe sizes. 


The usual stock lengths-of the above tubes are 3 and 6 ft. Owing to 
the thinness of the tubes finer threads are used than on regular wrought 


Comparison of Threads 














ее > M | M | хи | 1 | ix 
Threads per inch 

Tubing e e e 23-| 20 | 2 | 18 | 18 | 18 

Pipe E TE 14 14 114 114 


Pipe is not made in the 9$ and 7$ in. sizes. 
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у BENDS 


All Degrees 


Radius, Regular 
* — Short Sweep 


* Long Sweep 


Я All sizeswith Branches 
All Laying Lengths of Diameter 


are in Inches 


Tapped Inverted Y........ ets 
Comb. Y and 4% Bend 
Upright Y 


Qo o0o0--—o00oo0o0O0o0 


Tapped Vent Branch.......... 





MISCELLANEOUS FITTINGS 


All Laying Lengths Size | 


are in Inches 





\ 
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pipe. Note very carefully the difference in the number of threads on 
plumbers’ tubing and on wrought pipe, as given in the table on page 82. 


The size of a tube as given corresponds to its outside dia- 
meter rather than a nominal diameter as with wrought pipe. 
The following are the sizes and thicknesses generally used: 


Nickel Plated Brass Tubing 























Outside diameter....... ys у % % % 1- 1% 

Gauge И 20 EM EN 20 20 20 | 2) 
Outside diameter.......| 1| Bé| 14| 2 | 1x | Bé | 1M. 
С .| 20 | 20 | 20 | 20 | 17 | a7 | a7 





Hot Water Stor- 


Diameter, Inside, 


of Shell 5 age Tank. — The 


Inches 


error of calling this 
fixture a ‘‘boiler’’ is 
inexcusable, and it 
would require a 
stretch of the imag- 
ination to consider 
it as such. 

The ordinary sizes 
are given in the 
table; 


The maximum 
length of pipe from 
'the tank to the most 
remote fixture that 
can be satisfactorily 
used without circula- 
tion is as follows: 
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Pipe Size Linear Ft. 
in. | 150 
4 “ 90 
1 “ 50 
14“ 30 


The value of insulating all hot surfaces cannot be too strongly emphas- 
ized. The following minimum coverings are recommended for various 


temperatures: 
Approx. Sav. cu. ft. of 


Tank Temperature Thickness of Covering Gas per mo. per sq. ft, 


120° Е. 19 п: 85 
140° Е. 126“ 125 
160° Е. 261 160 
180° Е. 3. 200 


OFFSET 







OFFSET 


ANGLE 
OF ELBOW 


















ч E UF ; Fic, 54.—Diagram for elbow. constant 
Elbow Constants 
` Elbow Centers Offset 
Angle of Elbow AC АВ 
4 60° '1.15 58 
45° 1.41 1.00 
30° 2.00 1.73 
22° 2.61 2.41 
пи“ 5.12 5.02 
536? 10.20 10.15 








ж 


NOTE.—In the above table the letters refer to fig. 54. 
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Friction of Water in Pipes 


According to Prof. Geo. E. Russell there is wide misunder- 
standing in the plumbing trade concerning the laws governing 
rates of discharge of water from faucets, andl the relations of 
pressure and discharge. This misunderstanding produces great 
waste. 

Prof. Russell has prepared the accompanying table based on 
his experiments and which will be found of great value in cal- 
culating the loss of pressure due to friction in pipes of various 
sizes which deliver various volumes of water per minute. 


‘TABLE 1 


Small Wrought Iron Pipe 


Loss in Pressure by Friction, per 100 ft. of Length. 
Figures are in Pounds per Square Inch 


Nomina] Diameter in Inches 


0.6 
0.9 
1.4 
2.0 
3.4 
5.1 
7.1 
9.6 


— 
~ 
~ 
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In addition to the friction encounterec in pipes there is 
additional friction in faucets. This varies more or less accord- 
ing to the type and make of faucet. 


Prof. Russell in his experiments on a J4 in. faucet, obtained 
results upon which he based the following table: 


TABLE 2 
Friction of Water Through Small Faucet 
(4 in. Commercial Faucet) 


Rate of Flow Loss in Pressure 
Gals. per min. Lbs. per sq. in. 
4 2 
5 34 
8 9 
10 15 
15 33 
20 60 


It should be remembered that this table relates to one faucet 


only. Different makes give different loss, hence allowance 
should be made. 


The plumber should be able to estimate the losses in pres- 
sure due to the several factors that enter into the problem, and 
be able in this way to determine the pressure required at fix- 
tures to deliver water at a certain rate of flow. 


The following examples show how (the problem will illus- 
trate the methods of calculation. 


Example.— What pressure is required for a flow of 10 gals. per minute 
through a 34 in. pipe line 350 ft. long? 


In table 1, the drop in pressure is 16.5 Ibs. per 100 ft. of 34 in. pipe 
for a flow of 10 gals. per min. and for 350 ft. the required pressure is 


16.5 «350 


100 =16.5X3.5=57.8 lbs. 
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Example.—The height of water in a wind mill tank is 60 ft. How many 
gals. per min. will flow through 500 ft. of 14 in. pipe with a vertical rise 
of 23 ft.? 

2.3 ft. head 21 lb. pressure 


Hence 
Pressure due to elevation of tank is н 
О. 26.1 lbs. 
Pressure due to 23 ft. rise 
BELI E ick ae eee И ПИ 10 16. 
Pressure available to cause flow z .......................... 16.1 Ibs 
Pressure available per 100 ft. of pipe is 
ое. 3.2 lbs. 
In table 1, two nearest values per 100 ft. 14 in. pipe are given. 
Pressure Gals. per min. 
2.3 lb. 20 
4.8 Ib. 30 
from which 3.2 lbs: corresponds to a flow of 2042255 i of 10=23.6 


gals. per minute. 


Example.—A % in. pipe runs 75 ft. with a vertical rise of 23 ft. What 
pressure will be required at the mains in the street in order to deliver 10 
gals. per minute through a } in. faucet? 


From Table 1 
Loss through 75 ft. of pipe, due to friction 


асе ес 12.5 lbs. 


100 
Loss due to rise of 23 ft. 
ао оао к сое 10 lbs. 
From Table 2 
Loss in flowing through faucet at 10 gals. per minute=......15 lbs. 


STotalipressurcsrequired ы. жыш л ees 37.5 lbs. 
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In most installations the loss due to flowing through the 
meter, must be allowed, for Prof. Russell’s experiments show 
the meter loss to average about as follows: 


TABLE 3 
Meter Loss . 
Loss in Pressure 
Size of Meter Gals. per min. Lbs. 
$6 in. 10 2to7 

bé in. 30 16 to 65 

М їп. 30 14 to 30 

lin. 30 4to 7 


At the same rate of flow, 30 gals., it will be seen that as the 
.Size of meter increases, the loss in pressure in passing through 
the meter drops off rapidly. 

Example.—A %4 in. pipe passes through a meter, runs 125 ft. from 
the main to a faucet. The faucet is 23 ft. above the street main, and 


must deliver 10 gals. per min. What pressure will be required at the 
main to obtain this rate of discharge? 


From Table 1, 

Loss due to friction in 125 ft. of pipe=16.5X1.25=........... 20.6 ibs. 

Loss due «о ћејрћ =23--2.3=........... 2... 2... ......... 10 1. 

Loss in passing through faucet = (From Table 2).............. 15 Ibs. 

Loss through meter arbitrarily taken as.............. ls suus. 3 16. 
Pressure required at зфгее! тајл...:.................... 48.6 Ibs. 


In these calculations no account has been taken of the loss 
in pressure due to the use of fittings. Unless these are some- 
what numerous, the loss may sometimes be overlooked or 
estimated. . 

According to Prof. Russell: "A rough rule for calculating 
the loss in pressure due to an elbow in. small pipes is to allow 
from 14 to V4 lb. which points to the desirability of using as 
few fittings as possible. The reaming of pipe is advisable for 
the same reason.” | 
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Fics. 55 to 57.—180°, 90° and 45? tube turn fittings. The dimension letters refer to the di 
mensions in the accompanying table. E 


Properties of Tube Turns 


Standard Thickness — IRON PIPE SIZES — Series 114R. 


Weight 
Nominal Radius PIPE Wall Pounds Bursting 
Pipe Inches DIAMETER Thickness | (180° Pressure 
Size (R) о. р. І. р. (Т) Туре) Pounds 


d 1” 
14" 
115" 
9" 
215" 
3" 
3%” 
4” 

5" 

6" 

8" 
10" 
12" 
14”0D 
16"0D 
18"OD 

*20"0D 
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Boilers 


Boiler ‘‘Horse Power.’’—By definition one boiler horse power 
is the evaporation of 30 pounds of water jrom an initial tempera- 
ture of 100° Fahr. to steam at 70 pounds gauge pressure, which 
(as accepted by the A. S. M. E. Power Plant Code Committee) 
is equivalent to 34.5 pounds of water evaporated per hour from a 
jeed water temperature of 212° into dry steam at the same tem- 
perature. 

Example.—A 250 horse power triple expansion marine engine requires 

15 pounds of steam per hour per horse power at 165 pounds pressure. If 

the'feed water be. delivered to the boiler at 122° Fahr., how much boiler 

horse power is required, allowing 10 per cent. of the total steam for auxil- 

jaries? А 

Steam required by engine = 25015 =3,750 lbs 
Steam required by auxiliaries =10 per cent.of3,750= 375 © 
П ——À 
Total steam required per hour =4,125 “ 


From the table of ‘factors of evaporation” (page 64 ) factor! for.evapo- 
ration at 165 pounds pressure for feed water at 122° by interpolation 
=1.145. 


‘Equivalent evaporation from and at 212°=4,125X1.145= 4,723, or 
4,723 +34.5 =137 boiler horse power 


Example.—A 250 horse power tug engine requires 50 pounds of steam 
“per horse power hour, at 70 pounds pressure. If the feed water be delivered 
at 100° Fahr., what boiler horse power is required, allowing 10 per cent. of 
the total steam for auxiliaries? 


Steam required by engine =250х50 = 12,500 lbs. 
Steam required by auxiliaries =10 per cent.of 12,500= 1,250 “ 





Total steam required per hour =13,750 ‘ 


Since one boiler horse power =30 pounds evaporation from feed at 100° 
into steam of 70 pounds pressure, 


Boiler capacity = 13,750 +30 =458 horse power 


The two examples just given show that engines of the same 
horse power may require boilers of widely different capacities, 
hence, engine horse power 15 ло index of boiler horse puwer. 
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Some manufacturers calculate the boiler horse power on the 
basis of 12 sq. ft. of heating surface per horse power for 36 in. and 
42 in. fire tube boilers, 11 sq. ft. of heating surface for 48 in. 
boilers and 10 sq. ft. of heating surface for larger boilers. 


For fire tube boilers it is customary to assume 12 to 15 sq. ft. of heating 
surface as representing one boiler horse power; in water tube boilers 10 
sq. ft. of heating surface is equivalent to one boiler horse power. 


OO ea 


Fuel Required.—Upon the heating value of the fuel and 
efficiency. of the boiler will depend the amount necessary to 
burn in a given time to generate the required amount of steam. 


Example.—lf the heating value of a certain coal and шагу ot boiler 
be such as to give an evaporation of 8 to 1, from and at 212° Fahr., how 
many pounds of coal are required per hour for an evaporation of 500 pounds 
of steam at 80 pounds per hour with feed water at 100? Fahr. 
Factor of evaporation for 80 pounds pressure and 110* feed water is 
(from table), 1.442. ''" 
Equivalent evaporation at 80 pounds and 110?-8 41.1422 7.01. 
Coal required =500+7.01=71 .3 pounds per hour 


ge ee ee 


Rate of Combustion.—The size of the grate will depend upon 
the rate of combustior.. UE 


Example.—What size grate is required for the boiler of the'precedin 
example if the rate of combustion be 15 pounds of coal per square foot o 


grate per hour? 
Size of grate =71.3 +15 =4.75 sq. ft. 


Example.—A locomotive when developing 1,000 horse power, requires 
30 pounds of steam per, horse power hour at 176 pounds pressure, feed 
water 70? Fahr. What size grate is required if the evaporation be 7 to 1, 
~nd rate ef combustion be 125 pounds of coal per square foot per hour? 


Total feed water = 1,000 x30 =30,000 Ibs. per hour. ла 
Factor of evaporation (from table), for 175 lbs and 70° = 1.200. 
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Equivalent evaporation from and at 212? is 
30,000 x 1.1936 — 35,808 lbs. 

Coal per hour =35,808 +7=5,115 Ibs. 

Size of grate 25,115 -- 125 — 40.9 sq. ft. 





Efficiency.—As stated by Kent, the efficiency ofa boiler 
is the percentage of the total heat generated by the combustion of the 
fuel which is utilized in heating water and in raising steam. 

Example.—With anthracite coal the heating value of the combustible 


portion is very nearly 14,800 B.t.u. per pound, equal to an evaporation 
from and at 212°, of 14,800 +970.4=15.25 pounds of water. 


A boiler which when tested with anthracite coal shows an evaporation r f 
12 pounds of water per-pound of combustible, has an efficiency of 
12+15.26 =78.6 per cent. 
& figure which is approximated, but scarcely ever reached in practice. 





Safe Working Pressure.—This is the maximum pressure sate 
t'o carry on a boitier consistent with the factor of safety used in the 
design; the maximum pressure at which the safety valve should 
slow. The safe working pressure is sometimes called ‘‘work- 
ng pressure.” 


The formula is 


tensile strengthXthickness of platexefficiency of joint 


working pressure = radius of shellx factor of safety 


f using the usual symbols 


а TXtxE 
Working Pressure =- КХЕ 


1 which 


T=ultimate tensile strength stamped on shell plates, pounds per 
square inch. 


——— 
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94 


t=minimum thickness of shell plates in weakest course, inches. 
E — efficiency of longitudinal joint or of ligaments between tube holes 


(whichever is the least). 
Е = паде radius of the weakest course of the shell or drum, inches. 


Fefactor of safety, or the ratio of the ultimate strength of tha 
material to the allowable stress. 


X 
MAX. LOAD AT J = косо ае 3,915 LBS. 


25 INS: 
WORKING PRESSURE): 5,915+ 25=1566 LBS. 









Vic. 58.—Hoalf section of shell, illustrating method of determining the working pressure. 

Example.—What is the maximum allowable working pressure to be 

carried on a boiler 50 inches in diameter, tensile strength 60,000 pounds, 
plates %% inch thick, efficiency of joint 87 per cent, factor of safety 5. 


A tensile strength of 60,000 pounds corresponds to a stress of 
60 ,000X 34 = 22,500 pounds 


in a 34-inch plate per inch length of section, and for a factor of safety of 5 
the maximum load allowable on the solid metal of the shell is 
22,500 --5 =4,500 pounds 


Considering the efficiency of 87 per cent of the joint, this load must 


be reduced to 
87 рег cent of 4,500=3,915 pounds 
mot pounds per square inch, but the maximum allowable force tending 


t 
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to pull the metal of the shell apart. Since this force is distributed over 
the radius of the shell or 50 +2 =25 inches (that is, 25 square inches, consid- 
ering 1 inch length of shell), the maximum allowable working pressure is 


3,915 +25 = 15614 pounds 
Substituting values in formula (1), 


60,000 x 34 .87 


$ ; e 1561 Iba. 
Corso wes "doble 


safe working pressure — 





The efficiency of riveted joints is about as follows: single 
riveted lap .56; double riveted lap .7; double riveted butt and 
double strap .82; tripleriveted butt and double strap .85 to .87; 
quadruple riveted butt and double strap .94. 


Heating Surface.—The method of calculating the heating 
surface of a horizontal steam tubular boiler is as follows: 


Rules. Take the dimensions in inches. Shell: Multi- 
ply length by fraction of circumference in contact with hot gases 
Tubes: Multiply the sum of the inside circumferences of all 
of the tubes by their common length. Tube Sheets: Mul- 
tiply twice the diameter squared by .7854 and subtract twice 
the sum of the internal areas of all the tubes (similarly obtained). 
Total Heating Surface: Divide the sum of the several areas 
just obtained by 144, 


A. Shell у Sq. ins. 


2 - 
area 54 X 3.1416 x 200 x (16 x12) 18,096 
NOTE.—-3.1416 or x is the number which multiplied by the diameter 
of a circle gives the circumference. 200 + 360 is the fractional 
rt of the shell in contact with the hot gases. (16 Х 12) із 
Tength of shell in inches. 


NOTE.—Boiler calculation.—For complete calculation of all parts of a boiler according 
:o the Amer. Soc. of Mech. Eng. Boiler Code. See chapter on “How to Design a Boiler” in 
volume 5, Audel’s Engineers and Mechanics Guides. 


 ——————————————— — a 
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B. Tubes 
area = 40 Х (8.782 58.1416) X (16 X12) =90,004 


NOTE.—40 is the number of tubes. — 3.732 is the inside diameter 
of a standard 4 in. tube obtained from the table on page 97 
(3.732 Х 3.1416) із the inside circumference, — (16 X12) is thé 
length of each tube $t inches, 


C. Tube Sheets 


gross area of sheets =2 X54? X.7854 =4,580 

twice area of tubes=2X 40 X3.732? X.7854 = 875 

net area of sheets=3X gross area sheets 

—twice area tubes — $ X 4,580 — 875 z 2,178 
total heating surface of boiler in sq. ins. = 102,814 


NOTE.—Gross area of sheets: This is the area not including that 
cut away by holesfortubes. 54 = diameter boiler; 7854 is that 
fraction which multiplied by the diameter squared gives the 
gross area of one sheet. Area of tubes: This means the cross 
sectional area. 40 = number of tubes; 3.732 = inside diameter 
of a tube, the inside diameter being taken because the thickness 
of each tube is here considered as forming a part of the tube 
sheet, as it is regarded as sheet heating surface, Net area of 
tubes: The factor 2$ is introduced because ordinarily-only 36 
of the sheet area is exposed to the hot gases—this is an approx- 
imation and to be exact the exposed portion of sheet area must 
be measured. The factor 2 is used in both equations because 
there are two sheets. 


D. Total Heating Surface 


A+B+C _ 18,096+82,540+-2,178 _ 
See ш 714 sq.ft. 


In finding the heating surface of the tubes it should be 
noted that the sizes of boiler tubes.as given are the outside 
diamelers, whereas, in calculating the heating surface, in the 
case of fire tube boilers, the inside diameter is taken, in 
order to determine the surface exposed to the fire and hot gases. 


total area = 


It is the common practice of boiler makers to use the external instead 
of the internal diameter of fire tubes, for greater convenience in calcula- 
tion. This is an error and gives more than the true amount of heating 
surface. The purchaser should therefore note this fact where the builder 
agrees to furnish a given area of heating surface. 


The following table gives not only the inside diameters of 
tubes but other items or "properties" as they are called’ 
which greatly facilitate the calculations for heatingsurface, etc. 
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Properties of Standard Lap Welded Boiler Tubes 
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The following exampies will illustrate the great conven- 
ience of the table. 


Example.—How many sq. ft. of inside heating surface in 40, four 
inch tubes, each 16 feet long? 


From the table, the length of a 4 in. tube per sq. ft. of inside surface is 
1.024 ft., hence : 
: .40X16 ,., 
lotal heating surface = 024 =625 sq. ft. 
Example.—How many feet of one inch tube is required for 140 sq. ft. 
of inside heating surface, and what is the weight? 


From the table the length of 1 in. tube per sq. ft. of inside surface is 
4.479 ft., hence 


amount of 1 in. tube required =140 Х 4.479 =627 је. 


From the table 1 in. tube weighs .9 Ib., per lineal foot hence, 
weight of 627 ft. of 1 in. tube =627 X.9 =564 lbs. 
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Boiler Fixtures 


The Safety Valve.—The simple equation from which any lever 
safety valve problem can be solved is 


Sv=Vv+Gg+ Bb. 
in which 
S = total pressure due to the steam tending to raise the valve; 
This is equal to the steam pressure indicated by the steam gauge multiplied 


by the area of the valve. The area of the valve is equal to its diameter 
squared, multiplied by .7854. 


V = weight of valve and spindle; 
G “© lever; 
B= £e s ball; 


The distances at which these forces act are: 
v = distance from fulcrum to center of the valve; 


Pe" e e “ “ 
g= 


center of gravity of the lever; 
b = distance from fulcrum to the ball. 


The weights ai« measured in pounds, and the distances in inches. 


The weight of the lever is considered as acting at its center of gravity 
£, distance from the fulcrum. 


The center of gravity of the lever is that point where it would be in equili- 
brium if balanced over a knife edge or any other support with an edge, as in 
fig. 19. 


Exampie:—What weight ball must be put on a 3” safety valve so that it 
will blow at 100 lbs., if the weight of valve and spindle be 8 Ibs., lever, 24 lbs., 
distance of valve from fulcrum 4”; distance of center of gravity from fulcrum 
16”; distance from fulcrum to ball 38”. 
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S. the total pressure tending to raise the valve is equal to the steam pressure 
multiplied by the area of the valve in square inches=100 Xdiam. Xdiam. X 
.7854 = 100 X3 X3 X.7854 = 706.9 lbs., say 707 lbs. 

Now write out the equation and substitute the values given in the example 
and value just found for S, under the proper letters, thus: 


Sv = Ху + Gg + Bb 


— —— M —— 
707Ж4 = 8X4 + 24X16 + BX38 
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Fic. 59.—Diagram illustrating the four momenta 
involved in safety valve calculations. One of 
these momentscalled the steam momentwhich 
tends to OPEN the valve; this is resisted by the 
other three moments called the valve and 
spindle moment, the lever moment, and the 

: ball moment which lend to CLOSE the valse, 

IN Evidently when the valve is at the point of 

blowing off, the steam moment=valve and spindle moment +-lever moment +-ball moment, 

Evidently if the steam pressure increase a very small amount sufficient to cause the steam 

moment to overcome the friction of the mechanism, the valve will open and blow off. 


Itiplyi 
multiplying 2,828 =32 +384 +38B 


and i 
Уа 2,828 = 416 +388 
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The equation must be “solved for B,” which means that everything must 
be transferred to the left hand side of-the equality sign except {һе В. The 
first step then is to get the 416 on the left hand side; to do this, subtract 416 
from both sides, thus: 


2,828 =416+38B 
416 416 


2,412 = 38B 
As it now stands, 2,412 = 38B, or in other words, 38B —2,412: 
Now, divide both sides by 38, thus: 


3882412, hence: 
В =2:412 


38 sm Ibs., weight of ball. 


Given: Area valve 7.07 sq. ins. Weight of valve and spindle 
=8 153.; weight of lever, 24 lbs.; distance fulcrum to spindle, 
4 ins.; distance fulcrum to center of gravity of lever, 16 ins.; 
distance fulcrum to ball, 20.2 ins.- Steam pressure 60 lbs. 

Find: Weight of ball. 


A. First step . | C. Third step 
7.07 sa. ins. area of valve 24 lbs. м сег i 
ns. distance Irom fulcrum 
60 155. рег sq. in., steam pressure 16 to center of gravity of lever 
424.20 lbs. i 
This gives the total pressure due 384 


to the steam acti: 1 the valve. See 2 
Š ЕА у This is the lever moment tending 


to close the valve. 


D. Fourth step 


8 tbs. weight of valve and spindle 


B. Second:step 


424.2 Ibs. total pressure on valve 


4 ins. distance valve to fulcrum 
4 ins, distance fulcrum to spindle 


1,696.8 32 
This is the s£earn moment tending This is the valve and spindl« 


to open the valve. moment tending to close the vale 
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E. Fifth step 


384 lever moment from О 


no valve and spindle 
32 moinent from D 


416 


This ts the sum ot the lever mo- 
ment and the valve and spindle 
moment, 


F. Sixth step 


1 ,696 8 steam moment from Б 


416 lever mement+ valve and 
__. Spindie moment 


1,280.8 








20.2)1280.8(63.41 
1212 


688 

605 
820 
808 


120 
This ts the required weight neces. 


sary lo tut on the lever at the given 
distance for the valve to blow at 60 lbs. 


Injectors.—Increasing the distance through which the feed 
water must be lifted decreases the capacity of the injector. 
Very low or very high steam pressures also influence the 


capacity. 





U. S. Marine Rule.— 


RULE IT, 23.— The areas of all safety valves on boilers contracted for or the construction 
of which commenced on or after June 1, 1904, shall be determined in accordance with the 


following formula, and table: 


w 
Formula: a==.2074 X Dac AUT КАКА КҮ ИШК (1) 


Where а ==area of safety valve. in square inches, per square foot of grate surface. 
W=pounds of water evaporated per square foot of grate surface per hour. 
P=absolute pressure per square inch—working gauge pressure +15. 


When this calculation results in an odd size of safety valve, use next larger standard size, 


EXAMPLE, 
Boiler pressure—75 pounds per square inch (gauge). 
Z2furnaces: Grate surface—2(No.) X5 feet 6 inches (long) X 3 feet (wide) —33 square feet, 
Water evaporated per pound of coal—S pounds. 
Coal burned per square foot grate surface per hour—1214 pounds. 
Evaporation per square foot grate surface per hour or W,=8 X12}4==100 pounds, P=75-p 


152-90 lbs. absolute. 
From equation (1) 


0—.2074 X m 7.23 cu. ins. 


Therefore area ol safety valve—33 X.23—7.59 square inches, 


For which the diameter is 3/4 inches nearly. 





_. 
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For example, an injector designed to operate with pressure ranging 
from 60 to 110 Ibs. steam pressure has its capacity decreased about one 
third when operating on 30 Ibs. steam pressure; at 125 lbs. steam pressure 
the capacity is lowered about one tenth; and at a pressure of 140 Ibs. the 
decrease is about the same as for 30 lbs. steam pressure. 


Unless an injector be designed to handle water with a tempera- 
ture about 76? Fahr. its capacity will be decreased as the 
temperature is increased above this point. 

The equation of the injector is 


W [t—tod4- 1851 | 


EE [u- (hc 32°) |4-. 1851 р 





in which 
S =number of Ibs. of steam used. 
W =number of Ibs. of water lifted and forced into the boiler. 
1, =temperature of the water before it enters the injector. 
i; —temperature of the water after leaving the injector; 
d =weight of 1 cu. ft. of water at temperature ts; 
pb =absolute pressure of steam Ibs. per sq. in.; 


H =total heat above 32° F. in one Ib. of steam in the boiler, in heat 
units. 


Auxiliaries 


Boiler Feed Pumps.—In determining the size of a boiler feed 
pump, it must supply an amount of water equal to the maximum 
capacity of the boiler plus an additional allowance for refill when 
the water level in the boiler becomes low. 


Example.—A certain boiler, at maximum load, evaporates 1,000 Ibs. of 
steam per hour. If, when the feed pump is not running, 3 “cocks” of 
water is evaporated in 10 minutes, what would be the capacity of a feed 


Й 


яе — LE 2... - — — 
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pump to supply water equal to the maximum evaporation + a refill in 2. 
minutes? 


Water used in 10 minutes — 16 of 1,000 2167 lbs. 
Since this amount is to be pumped in 5 minutes, 
capacity of pump = 1,000+(2 167) =1,334 Ibs. per hour 
ог, 1,334 +81 = 160 ра1ѕ. рег hour. 


Formulae for theoretical capacity of a pump as given by 
Kent are as follows: 

Let Q=cu ft. per min., Q’ =U. S. gals. per min. =7.4805 Q; 
d=diam. of pump inins., /=stroke in ins.; N =number of single 
strokes per min. 


Capacity in cu. ft. per min. 
Q = .0004545 Nd?) 
Capacity in U. S. gals. per min. 
Q' 2.0034 Nd?l 
Capacity in gals. per hour. 
Q? = .204 №? 
Diameter required for a given capacity per min. 
d=46.9V 2=17.15V & 
If »=piston speed in ft. per min. 
d—13.54v/9 24.05 /8 
If the piston speed be 100 ft. per min.: 
NI 1,200 and d —1.354 V/Q - .495 V/Q'; Q! - 4.08 d? per min. 
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The aciual capacily will be from 6097, to 9597, of the theoretical, 
according to the tightness of the piston, valves, suction pipe, etc. 


Feed Water Heaters.—Heating boiler feed water by means of 
exhaust steam effects a considerable saving in fuel. 


The heat imparted to the water in a feed water heater takes the place 
of an equivalent amount of heat from fuel on the grates. The amount 
of saving for any given condition can be determined by a simple calcu- 


lation. 


The formula for saving due to feed water heater is 


< №№ 


H-A 
in which 


S «saving due to heating the feed water; 

H — total heat of 1 Ib. of steam at the boiler pressure; 

h, =total heat of 1 Ib. feed water before entering the heater; 

hı =total heat of 1 lb. feed water after passing through the heater. 
Example.—If the temperature of the feed water be 60? Fahr., before 


entering the feed water heater, and the heater raise its temperature to 
210°, what is the saving with boiler pressure at 100 pounds? 


Total heat in one pound of steam at 100 pounds pressure = 1,188.7 B.t.u. 
Heatin 1 pound of feed water before entering heater,60—32= 28 Ви. 


Heat required to form 1 pound of steam = 1,160.7 B.t.u. 
Heat saved by feed water heater, 210—60=150 B.t.u. 


Percentage of saving = 150 + 1,160.7 = .129, thatis, 12.9 per cent., which is 
equal to 1 per cent. for each 150+ 12.9 = 11.6 degrees that the temperature of 
the feed water is raised by the heater. No saving of fuel is realized where 
the water is heated by an injector or by a live steam purifier, since both 
devices first draw from the boiler the heat which is to be imparted to the 
water, whereas in the exhaust steam a waste product is utilized, 
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Condensers.—According to Barrus, ‘‘It is held in the popular 
mind that the economy of condensing is, in round numbers, 
25%. This percentage usually relates to simple engines and it 
refers to the economy as measured by the difference in the coal 
consumption produced by a condenser.” 


The evidence of some of Barrus’ tests shows that "'this belief is not well 
founded except in special cases.” “If the feed water be heated by the 
exhaust steam of the non-condensing engine to a temperature of 100°, 
which is that of the ordinary hot well, to a temperature of 210°, the non- 
condensing engine can be credited with about 11% less coal consumption, 
which should be considered in determining condenser economy.” 


The average of a number of Barrus’ tests gives a saving produced by 
condensing of 22.3%. “If we allow for the steam or power used by an 
economical condenser, it would be seen that the net economy of con- 
densing is at best, not much over 20%, based on steam consumption. 
lf .urthermore, we allow for the difference produced by heating the feed 
water to the extent above mentioned, the saving of fuel would be reduced 
to about 10%.” 


1. Jet Condensers. 


In a jet condenser the amount of injection water is given by 
the formula 


о a) 
= 
In the formula 
Ti z temperature of the steam whose latent heat is L; 
To M MA of the cooling water, whose quantity in pounds 
is Q; 
Та = temperature after condensation or that o; the hot well; 
Ti+L =total ‘heat of the steam. б 
(T1-L) - T: 
also Heat absorbed by the cooling water. 


Q(T«— To) 
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Example.—To find the amount of injection water required for an en- 
gine, the steam at exhaust being at a pressure of 10 lbs. absolute; the 
temperature of the sea is 60? and it is required to keep the hot well at 120^. 


The temperature corresponding to 10 lbs. is 193°. 


_ 21149 + 3 193° — 120° 


— —120* —60* 17.53 Ibs. 





Q 


That is, the amount of injection water is 17.53 times the weight of 
steam for this particular case. The allowance made for the injection 
water of engines working in the temperate zone is usually 27 to 30 times 
the weight of steam, and for the tropics 30 to 35 times; 30 times is suffi- 
cient for ships which are occasionally in the tropics, and this is what was 
usually allowed for general traders. 


D 


Another formula is: 


In which 


W, is the weight of steam condensed; H, the units of heat given up by 
1 Ib. of steam in condensing, and R, the rise in temperature of the cooling 
water. This is applicable both to jet and to surface condensers. 


2. Surface Condensers. 


Ina surface condenser the amount of cooling water is given by 
the formula: 


11144-.3 Ti - Ts 
= 7 * э өе е # Ө * * 9 a 9 9 v э з= = 2 
E т di 


T: being the temperature of the feed, the other letters meaning the same 
as in formula (1). 


1. When the cooling water is 60? 
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C= 1114+.3 X183—120 


= 26.22 
100 —60 


That is, the water required is 26.22 times the weight of steam, If this 
had been a jet condenser, the quantity would be only 17.48 times. 


2. When the cooling water is 75° 


_ 1114+ .3 x183 — 120 


24095 times 
100 —75 MAS 


Q 


Evidently the quantity of cooling water will depend on its initial tem- 
perature, which in actual practice may vary from 40? in the winter of 
temperate zones to 80? or the West Indies and other sub-tropical seas. 
In the latter case a pound of water requires only 20 thermal umits to raise 
it to 100°, while 60 are required in the former. From this it is seen that 
the quantity of circulating water required in the tropics is three times 
that of the North Atlantic in the spring of the year. 
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Fics. SO and 61.—Indicator cards illustrating effect of barometer changes on condensing 
engine operation. In fig. 60, with 30 inch barometer a large proportion of the work is 
done below atmospheric pressure as indicated bv the shaded portion M, of the card. Now 
if the barometer were to fall to say 20 ins.; as jn fig. 61 , considerably less work would be 
done below atmospheric pressure, as indicated by the area S, which is much smaller than M. 
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Horse Power.—The tertn horse power is defined as 23,000 
foot pounds of work done in one minute. There are, however, 
several kinds of horse power and it is important to clearly 
understand the differences between these and their application 
to avoid confusion and errors. They are: 


1. *Nominal horse power. 


2. Indicated horse power. 
3. Brake horse power. 

4. Effective horse power. 
5. Hydraulic horse power. 
6. Boiler horse power. `’ 
7. Electrical horse power. 


' Indicated Horse Power.—This represents the power developed in the 
engine cylinder as measured by the indicator. It does not, however, 
represent the useful power delivered by the engine. 


Brake Horse Power.—This is the actual horse power delivered by the 
engine to the shaft, being equal to the indicated horse power minus the 
friction of the engine. It is measured by applying a dynamometer or friction 
brake to the fly wheel (hence the name); though usually known as brake 
horse power it is sometimes called delivered horse power, 


Effective Horse Power.—In any system of which the engine is only one 
element, the effective horse power is the actual horse power given by or ta 
the.system. Thus, in a locomotive, the effective horsepower given by the 
system (locomotive) to the cars 15; 


pull on tender draw link X speed 
33,000 


ы 


*NOTE.—Nominal horse poc term, which is due to Watt, has long been 
Obeslete but it should, however, be understood. Watt found that the mean pressure usually 
obtained in the cylinders of his engines was 7 pounds per square inch. He had also fixed the 


proper piston speed at 128 X X strokes from which he calculated the power which would be 
developed = areaof piston X 7 X 128 X W/ strokes per minute -- 33,000. With subsequent 


increases in boiler pressures with resulting increases in mean pressures, the difference between 


nominal horse power and the actual horse power developed by the engine has become so great 
as to render V 


att's rating useless. 





109 


Mechanical Calculations 


"1x23 3ut&uvduroo3e 


әца шї рејәр ш рәдиэәѕәр ѕе ‘Јәмой OY Jo spun snoneA Jo uoremoeo au) ut p2A[oAut 810720) [edruug — go o; 29 '5014 











12214322] Я 4apnog 
YOLOW 91419373 AES S 2 
'S81 «5c 2 
P "НУЧ „212 
АА А7 » 
71v21812313 чпон 5 у 
TES 
УЗІЗИИУ Ue s 
х / 


ASnHHi H3113d0Hd 


mU 


03385 м01513 

лупа у 

NO1SId v3uV 

d'3'W ЛУПУ 
a 


H0JN2IONI 68 




















= утар 





]puiuowy 








Twd'SAS2IXL | 
=033а5 NOLSId 





.NOLSId V3uv 
5812 ази 





110 Mechanical Calculations 





Hydraulic Horse Power.—This may be defined as the horse power re- 
quired to elevate or force water against pressure; it is as usually mea 
the indicated horse power at the water end of a pump. In calculations of 
hydraulic horse power required to elevate water, it is necessary to under- 
stand the difference between: 


1. Static head, 
2. amic head, 
3. Static lift, 
4. Dynamic lift. 
© State head is the difference in elevation between the pump and height to which the water 
raised. 
Dynamic head is the equivalent head allowing for increase in pressure due to the friction 
of the water in flowing through the pipes. 
Static lift is the difference in elevation between the pump and the'tevel of the water supply. 


Dynamic lift is the equivalent lift allowing for the increase (due to friction) in pressure 
to force the water from the supply to the pump. 


Electricat Horse Power.—It is desirable to establish thé relation between 
avatts and foot pounds in order to determine the capacity of an electric gen- 
erator or motor in terms of horse power. 

Since one watt is equivalent to 44.244 foot pounds, the electrical equivas 
lent of one horse power is: 


33,000 + 44.244 = 746 watts, or .746 k.w. 
Again, one kilowatt or 1,000 watts is equivalent to 
1,000 + 746 = 1.34 horse power. 


How to Calculate Horse Power.—The old formula is 


_2XPXLXAXN _2 (.7854D*) PLN 
BP о ыш шш Н ыы зынан: (1) 


in which 
P=mean effective pressure in lbs. per sq. ins.; 
L —length of stroke in feet; 
A=area of piston in sq. ins. 2.7854 X diameter of piston squared; 
N=number of revolutions per minute; к 
D=diameter of piston 


Example.—What is the horse power of a 5X6 engine running at 500 
revolutions per minute and 50 lbs. mean effective pressure? 


eem — Е а гаи "- ww es 
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Substituting these values in the formula, and remembering that the 
area А of the piston —.7854X its diameter squared, 


2X (.7854X 5%) X50 X$ X500. 


.Р.= 
H 33.000 


= 14.87 





It is a ridiculous waste of time to use this formula and 
attention is called to the following: 


H. P.=.000004 D? LN P... (2) 


This is simply formula (1) reduced to its lowest terms. 


Example.—What is the horse power of the engine in the previous 
. example (running under the same conditions), as calculated by formula (2)? 
Substituting the given values in (2) 


Н. P. =.000004 X5? x6 X500 X50 = 15. 


Comparing the two formula, 15 h. р. is here obtained instead of 14.87, 
the error introduced by using the constant .000004 instead of -000003966, 
being only Е 


б : 
15 — 14.87 =.13 horse power or — of 1% 


This short formula (2) is very valuable to those who have frequent 
occasions tocalculate horse power. The power of any engine on a basis of 
of 500 revolutions and 50 lbs. mean effective pressure can be very quickly 
found with this formula and the method of ‘using it, as given below, will 
firmly fixit in mind, though as before stated, the author does not recommend 
memorizing formule but instead, the acquirement of a kaowledge of 
principles upon which they depend. 

Now, for a quick calculation of the horse power of the engine in the 
previous example, 

1. Write down the cylinder a squaring the diameter 

2х 

2. Disregard the decimal point and write 4 instead of .000004 

4X (5? X6) 

3. Insert the revolutions per minute and the mean effective pressure 

4X (5X6) X500 X50 


The product of these factors is the horse power when:the decimal point is inserted 
in the right place. 
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4, Since the product of the first and last two factors is 100,000, dis- 
regarding the ciphers, only the factors inside the parenthesis need be con- 
sidered to obtain the horse power, thus ` 

52Ж6=5Ж5.Ж6=150........ . .· (3) 
ft remains.only to insert the decimal point, which is determined from the 
€ense of proportion, that is, any one familiar with engines would know that 
e 5X6 engine running at 500 R. P. M. and 50 Ibs. mean effective pressure 
does not develop 150 h. p. as written in equation (3); neither does it 
develop only 1.5 h. p.; it must then develop 15 h. p. 


Short Formula.— 


diameter? 
horse power = io 


This is correct whenever the product of mean effective pressure and piston 
speed = 21,000, as in the following combinations: 











Mean effective pressure......... 30 35 38 2 42 
: (Арргох.) 1 
Piston speed......... e ee e eS 700 600 550 500 


| 





УХЪы— Хи 


Formula for Brake Horse Power.—The net work of the 
engine or horse power delivered at the shaft is determined as 
follows: 


Let W — power absorbed per minute; 

P-unbalanced pressure or weight in pounds, acting on the lever arm 
at a distance L; 

L=length of lever arm in feet from center of shaft; 

N =number of revolutions ‘per minute; 

V =velocity of a point in feet per minute at, distance L, if arm were.alloweó 
tQ rotate at the speed: of the shatt — 2c L N 


е РҮ 
Since brake horse power 33,000 
substituting for V, 


_29rLNP RIT 


B. H. P. (brake horse power) = SE QUSS roe 
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Simplifying, equation (I) becomes 
B.H.P. = .0001903PLN 


It should be noted in equation (I) that if L 233 —-2 the equa- 
tion becomes 


33 
2r NP 
== = ee DASS RS TOES 
33 ЭГ Е 1,000 Q 


B.H.P.= 








Fic. 69.—Prony brake. It corisistsóf a friction band which may be placed around the fly 
wheel or the crank shaft, and attached to a lever bearing upon the platform of a weighing 
scale, as shown. A brake used for testing purposes should be self-adjusting to a certain 
extent, so as to maintain, automatically, a constant resistance at the rim of the wheel. For 
comparatively small engines, various forms of rope brake, satisfy this requirement very well. 
In such cases, a weight is. hung to one end of. the rope and a spring scale to the other end. 
The wheel should be provided with interior flanges, holding water for keeping the rim cool. 
For very high speeds, some form of water frittion brake should be employed, as they have 
the advantage of being self-cooling. 


Accordingly, in order to use the simplified formula (2) the arm L is 
made 33 +22 or 5.285 feet, very approximately 5 ft. 37(; inches. 


Size of Cylinder.—The first step in calculating the cylinder 
dimension is to arrange the horse power formula in tihe proper 
form for obtaining ihe value of ihe unknown quantity. 


` 
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Thus, starting with the formula 
H. P. =.00000£ D LNP .......... @() 


the quantities to be found are D, the diameter of cylinder or 
piston, and L, the length of stroke. Accordingly, solving for 
these quantities 


p- EP. AE (2) 
‚ 000004 Т, М.Р’ Y .000004 L N P ` 
pou EN REP КС) 


.000004 DN P- ^" 

Example.—Find the size of cylinder of a Corliss engine 
to develop 85 horse power when running under the following 
conditions: Initial pressure, 80 lbs.; 44 cut off; mean back 
pressure, 2 lbs. (non-condensing) diagram factor .9; piston speed 
600 ft. per minute. 

The solution consists of three steps, viz.: finding, 1, the mean 
effective pressure; 2, the stroke, and 3, the diameter of cylinder. 


CASE 1. DIAGRAM FACTOR GIVEN 
1. Mean effective pressure. | 


1. Find total number of éxpansions (neglecting clearance).] 
Rule.—One divided by the reciprocal* of the cut off. 
1 
1>—=1%Х4=4 
X 
2. 'Find mean forward pressure. 


Rule.—Multiply initial pressure by l--hyp. log. of expansions, and 
divide by number of expansions. < 





FNOTE.—It should be understood that in the example the expression one-quarter cut off 
relates to the point of stroke at which steam is cut off by the valve gear; it does not represent 
the real cut of. with respect to the expansion of steam, because clearance must be considered, 
and on this account is. strictly speaking. called the apparent cut off: The economical range of 
horse power being considerable, corfection for the apparent cut ott need not ordinarily bemade 


*NOTE.—The reciprocal of the cuit off means one divided by the cut off, 
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tabl e 229, hyp. log. of 4 —1.38063. 
aea ~ i 3. ‘log. 4 —1--1.3863 — 2.3863 
initial pressure absolute =80+-14.7 =94.7 


mean forward pressure =O DO ee =56.5 Ibs. per sq. in. 


3. Find mean effective pressure. 


Rule.—Subiract mean back pressure absolute from mean forward. pressure, 
and multiply the difference by the diagram factor. 


2 Ibs. mean back (gauge) pressure=2+14.7 =16.7 Ibs. absolute 
(56.5 — 16.7) X.9 =35.8 lbs. per sq. in, 


2. Choice of Stroke. 


The length of stroke must be such as will give a desirable number of 
revolutions, and bear a proper relation to the cylinder diameter. The 
Corliss engine is a slow speed or long stroke type, usual ratio of stroke to 
diameter being about 2:1 or more, hence of the several lengths of stroke 
that could be used, one should be selected that will come within the ratio 
limits and also give the proper speed in developing the rated power. 
Ordinarily the revolutions may be from 100 to 125, and with valve gears 


especially designed for high speed, 
150 г. р. т., or higher. The revo- 
lutions or 


R. P. M. = piston speed +2 
Xstroke (in feet) 
a 


thus, for say, 24” stroke and given 
piston speed of 600 feet 


24 


· Р. М. =600 2 <= 
Е М. = 600 2X73 


=150 


Similarly, the following table 
is obtained: 


В.Р. М. Юг 600 ft. piston speed 











Stoke | 24 | 30 | 36 
RP M. [150 |120 f 100 


3. Diameter of cylinder. 


The m. e. p. obtained in Z, is 
35.8 lbs. per sq. ins.; now in- 
specting the table in 2, a trial 
may be made with the 36" stroke 
which gives 100 r. p. m. Sab- 
stituting the values in formula 
(2) page 114, 





D= 85 
.000004 X 36 X100 X35 .8 
=128.... .....(а) 


For the given power, this di- 
ameter of cylinder may be used 
with any stroke in the table in 
2 at the revolutions given, that is 
the cylinder dimension may be 


12.8 x36 for 100 r. p. m. 
12.8 X30 for 120r. p. m. 
12.8 x24 for 150 r. p. m, 
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calling ‘the diameter 13 ins., in each case, the stroke diameter ratios are 
9.77, 9.8, dnd 1.87 respectively; the first two being within limits and the 
Yast two small. i 


In the case of a growing plant where more power will be soon required 
the 13.X36 would be desirable, as the r. p. m. could be increased consi 
to increase the power. Ordinarily, the 13X30 would be desirable, as 1t 
Would cost less, and would run at a more desirable r. p. m, 





Wie, 7Q.— Die expected diagram. Having drawn the theoretical card AB CDE, success in 

Obtaining the. proper diagram factor depends upon the experience and juges of tho 
designer which guides him in sketching n the expected diagram a b c à e f g, which he 
"expects" will represent the actual performance of the engine when built and, operating 
under the specified conditions, 


CASE 2, DIAGRAM FACTOR NOT GIVEN 


A graphical solution of the example just given consists in 
drawing the theoretical card corresponding to the given values 
of initial pressure, cut off, etc., and inscribing in this diagram 
a card drawn to represent the “expected” performance of the 
actual engine. This card is drawn after considering a large 
number of actual cards ọf similar engines operating under similar 
conditions. Accordingly, the more experienced the designer, 
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—— 


‘the nearer can he come to drawing a card that will represent 
‘the actual performance of the engine. 

The steps in this graphical method are: 1, drawing the theo- 
retical card; 2, drawing the expected card; 3, finding the ex+ 
pected m. e. p.; 4, finding the cylinder dimensions. 


1. The theoretical and expected cards. 


The appearance of these cards is shown in fig. 70. It will be noted that 
the area of the expected card is less than the area of the theoretical card. 
the difference representing the losses. 


2. The expected M. E. P. 


This is determined from the area of the expected card, fig. 70, bv means 
of the following formula: 
expected m. e. p. = eee cL ear’ Pressure scaled e MES (1) 
The area is best obtained, by use of a planimeter, or approximately b 
ordinates (figs. 75 and 76). In this case the area is by planimeter; leng 
af card 4 ins., and pressure scale 40. Substituting these values in (1) 


expected m. e. p. =e X40 =34.2 Ibs. per sq. ins. 


8. Cylinder dimensions. 


In Case I, a 36” stroxe was selected for future excess power demands, 
and a 30” stroke where such provision was not made. Substituting the value 
34,2 Ibs. per sq. ins. expected. m. e. p. in the formula for the 36 ins. stroke 


.000004 X36 X 100 X34.2 
As in Case I, the cylinder dimensions could be either 13 X36, or 13x30 
according to conditions and judgment of the designer. 


D= m тда с-13-! ins. sav 13 ins. 
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Steam Engines 


Initial Pressure.—-The effect of increasing the initial pressure 
ts to increase the economy provided that proper values be given io 
ihe other factors, such as quality of the steam, degree of expan- 
sion, condensation, terminal pressure, temperature range, num- 
ber of expansion stages, clearance, piston speed, etc. 





Expansion of the Steam.—The equilateral or rectangular 
hyperbola referred to its asymptotes is taken to represent the 
expansion of steam. 





Fic. 71:— To describe an equilateral or rectangular hyperbola referred to’ its rectangulaa 
. asyfnptotes. General method: Draw the axis of volumes, or horizontal asymptote X X’, 
and the axis of pressures, or vertical asymptote Y Y’, cutting X X^ atO, or hyperbolic center. 
Through O, draw M S, at 45°to X X’. "Take any point on M S, as B, and with radius O B, 
‘describe a circle, cutting M S, in B and A, giving AB, the transverse axis. At B, erect a 
'perpendicular cutting Y Y', at D, giving ob: the directrix. With O D, as radius describe 
a circle utti M S. at F and F’; these points are the foci of the hyperbola. On M S, take 
any number of points 1, 2, 3, etc., and from F, and F’ as centers, with A1, B1, A2, B2, etc., 
as radii, describe arcs cutting each other in 1’, 2’, 3’, ete., and 1”, 2”, 3^, etc., through which 
points the branch H B G, of the hyperbola is described. Similarly, the other branch H A G, 
and conjugate hyperbola shown in dotted lines may be described, but for the purpose in view, 
only one branch H B 6 need be deseribed. It is a property of the hyperbola referred to its 
rectangular asymptotes, as above, that if one asymptote as X X', be taken as an axis of 
volumes-and the other an axis of pressures measured from the intersection О, then for any 
int on the curve as B, the product of its distance from Y Y’, multiplied by its distance from 
X’, &constant, that is B v XB P =constant, or pressure Xvolume =constant which is in 
accordance with Boyle's law. 
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Rule. The terminal pressure equals the initial pressure divided 
by the number of expansions. 


Thus, if the initial pressure be 100 lbs. absolute, and the number of 


expansions 4, 
terminal pressure = 100+4=25 Ibs. absolute. 


DC CA Пн И и нека а ој 








Figs. 72:and 73.—To describe hyberbolic curve for expansion, 2nd_method: Draw the zero 
line A B =stroke, and exterid it to C, making AC =clearance. Take the distance CC’ = 
admission pressure, and at the point of cut off D, erect the perpendicular D D', giving the 
admission line A’ D’. Extend C’ D’, and lay off any number of points 1, 2, 3, ete. From С 
draw radial lines, Cl, C2, C3, etc. Draw horizontal lines through 1’, 2’, 3’, etc., and vertic 
lines through 1, 2, 3, etc. Their intersections 1”, 2”, 3”, ars points on the hyperbolic curve. 


Example.—If the initial pressure be 100 Ibs. gauge, and the number of 
expansions be 4, what is the terminal gauge pressure 

100 lbs. gauge = 100+14.7 =114.7 Ibs. absolute. 

114 Trees Ibs, absolute, or 
"| =28.68—~-14.7 =13.98 gauge. 
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m var m merae 










100X10 =1,000 EXPANSION CONSTANT 
4000 *152 66075 LB3. 
1,000 + 20 = 50 LBS. 


as +t 
ооо 


v) ---- 


3 8 





D 
----Ar---1---- 





PRESSURE SCALE 


№ 


о ро 





, ADMISSION ——]— — — EXPANSION 
о 


о 15 20 25 50 
VOLUME SCALE 


Fre. 74.—Diagram illustrating the expansion constant and its .use. According to Boyle's 
law, pressure Xvolume =constant. If, as indicated in the diagram, steam be admitted to 
a илде during 10 inches of the stroke and expanded to 30 inches, the expansion constant = 
100 10 = 1,000, from which the pressure at any other point —constant -- volume, that is, when 
the piston is at р Е 

15 ins. 20 ins. 25 ins. 30 ins. 
of the stroke, the expansion constant +volume is 
+15 1,000 +20 1,000 +25 1,000 +30 


which is equal to 
„н 5. | 50 lbs. .. 40 tbs. 331% №5. | 
Similarly volume =constant + pressure, that is, when the pressure due to the expansion i« 
6635 Ibs. 50 Ibs. Ibs. 3314 153. 
the expansion constant + pressure is” 


© 1,000 --6024 1,000 +50 1,000:=-40 1,000 +333¢ 
which is equal to 1 eT. 
15 ins. 20 ins. 25 ins, 30 ins. 


Expansion Constant.—To determine the pressure at any 
point of the stroke, use is made of a constant found by multi- 
plying the volume of steam at cut off by the initial pressure. 


For instance, if steam at 80 lbs. absolute pressure be cut off when tr 
piston has moved 10 inches of the stroke, then 
volume X pressure — constant 
substituting the above values 
x 80 = 800 


Rule. The presswre at any point of the stroke equals the ex- 
pansion constant divided by the volume at that point. 
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Thus, when the piston has passed through 20 inches of tha stroke 
the pressure at that point is 


800 4-20 —40 Ibs. absolute. 


Rule. The volume corresponding to any pressure is equal to 
the expansion constant divided by the pressure at that poini. 


Thus when the pressure has decreased to 40 Ibs. absolute, the volume 
corresponding.as measured by the piston movement is 


800 +40 = 20 inches 





С ОПЕР ЕЕРЕЕ 

В:сѕ.'75 and'76.—Theoretical cards illustrating mean forward pressure and back Pressure. 
The two cards are the same as the card in fig. 74. If in fig. 74 an ordinate be drawn through 
the middle of each of the areas C D C’ D’, o: HF D, etc., they will appear in fig.Z5. as the 
dotted vertical lines A B, C.D, E F, ete. The mean forward pressure represented by the 
area of M tits length L' L/ X the pressure scale, is equal to the average of the ordinates, 
that is, their sum divided by the number, and multiplied by the pressure scale, or 
AB+CD+EF H 
ЕН), Scalé. Similarly in fig.76,, the back pressure, 


= area S + its length L L’ X pressure scale aR BEC DHE FHC Hil I y pressures 
scale, or since in this case all are of the same length, back pressure = height of S X pres- 


sure scale. 
Mean Effective Pressure.—Horse power calculations are 
based upon this calculation and it is equal to 


mean forward pressure—mean back pressure 


Rule.—To find the mean effective pressure, multiply the initial 
pressure in Ibs. absolute by 1-Е йур. log. of the number of ex- 
pansions, and divide by the number of expansions. From the 
quotient, subtract the absolute back pressure. 


Witney ES "rd 
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In the form of an equation the mean effective pressure or 


initial pressure abs. X1+hyp.log.no. of expansions 
M.E.P.= ТЕА ОЕ а оне —back pressure abs. 
or, expressed in the usual symbols 


PX1+-hyp. log. r 
r 


M. E. P.= —B.P. 


It should be remembered that the initial pressure P, and 
back pressure B. P., are taken in lbs. absolute. 





Fics. 77 and 78.—Theoretical cards illustrating mean effective pressure: fig. 77, constant 
back pressure; fig. 78, variable back pressure. Since the back ptessure directly opposes 
the forward pressure, evidently the net or actual pressure tending to move a piston, of 
mean effective pressure is the difference between these two pressures, that is, M. E. P. «meas 
forward pressure — back pressure. — In fig. 75 the mean forward pressure is figured from the 
area M, and in fig. 76- the back presure from the area S, hence, the mean effective pressure 
must depend on the difference of these two areas, that is M — S, or M' as shown in fig..77, 
when the back pressure is constant, Where compression is taken into account, as in fig. YR, 
evidently M. E. P. &mean forward pressure — mean back pressure, but in the figure, the 
mean back pressure is figured from area S -Farea S', hence, in this case M, E. P. depends on 
the difference between area M in fig. 75. and areas S --S' in fig. 78, and giving the area M^ 
where average ordinate X pressure scale M, E. P. 


Example.—What is the mean effective pressure, with 80 Ibs. initial 
gauge pressure, one-third cut off, 16 Ibs. absolute back préssure? 


Initial pressure absolute = 80-+14.7 = 94,7 Ibs. 

Number of expansions =1+1;=1 3/1 =3. у 

Hyp. log. of 3 (from table page 229) — 1.0986. 

1--hyp. log 3—14-1.0986 — 2.0986. А 
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Mean effective pressure = 


эх 2.0888 16=50.2 155. 


It is not possible in Steam engines to-convert all the energy of 
the steam ‘into useful work, see. fig.-70. There are various losses 


$ 


HYPERBOLIC LOGARITHM © 





Е D 


—— М+9 є } + HYPERBOLIC LOGARITHM 


Fic. 79.— Theoretical card showing application of the hyperbolic logarithm in finding 
the mean effective pressure. Total areas M-+S=1+-hyperbolic logarithm. 


due to leakage, radiation, condensation and other causes, all of 
which tend to make the actual mean effective pressure obtained in 
an engine less than that calculated, 


Diagram Facter.—Due to losses the indicator card is always 
less in area then the thcoretical card and the ratio of the two 
areas is called the diagram factor, that is 


area of actual card 


diagram factor = ~ 
9 area of theoretical card 


— - 
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Table for Finding Mean Pressure 

























Denier 1-+-hyp. log. r Number 1+hyp. log. r 
о o 
expansions expansions г 

1.0 11.0 0.309 
1.5 12.0 0.290 
2.0 18.0 0.274 
2.5 14.0 0.260 
3.0 15.0 0.247 
3.5 16.0 0.236 
4.0 17.0 0.226 
4.5 18.0 0.216 
5.0 ‚0 0.208 
5.5 ‚0 0.200 
6.0 ‚0 0.192 
7.0 ‚0 0.186 
8.0 ‚0 0.180 
9.0 .0 0.174 
10.0 .0 0.169 








Diagram Factors 


ла 








Particulars of Engine Diagram Factor 


——— ———— 





Expansive engine, special valve gear, or with a 


separate cut off valve, cylinders jacketed........ 94 9 
“Expansive engine having large ports, etc., and good] . 

ordinary valves, cylinders jacketed.. ............. .9 +0.92 | .86 10 .38 
Expansive engines with the ordinary valves and gear 

as in general practice and unjacketed...... UE. 8 to.85 | .77 to 82 
Compound engines, with expansion valve to H. P. б 

cylinder; cylinders jacketed, and with large 

фрогїз, е\с.................+ бсрс .9 to.92 | .86 to .88 
Compound engines, with ordinary slide valves, 

cylinders jacketed, and good ports, etc.. .... 8 10.85 | .77 to .82 


Compound engines as in general practice in thel. 
merchant service, with early cut off in both cylinders 


without jackets and expansion valves..........--.| -7 10.8 | .67 to 47 
.Triple expansion engines, with ordinary slide valves, 
* good ports, unjacketed, moderate piston speed. ...| .65 to 4 | .02t0.67 
Fast running engines of the type and design usually 

fitted in war ships....... esser е 6 to.7 | 58 to .67 


i eee 

NOTE.—If the theoretical mean pressure be calculated and the necessary corrections 
made for clearance and compression, according to Seaton the expected mean effective pressure 
may be found by multiplying the results by the factor in the first column of the diagram 
factor table. 











Swinging eccentric 


Increasing angular advance, decreasing throw 











Table Showing Effect of Changes in Lap, Throw, Angular Advance, Ftc. 
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Valve Gears 


EE 

Aas 

ЕДИ т 3 

iib n | 
MIEEEEHEER E The accompanying table 
8 shows the effect of changes in 
8 = Э а . 

БЕ ате esign. 

B пы i$ Valve gear problems are best 


solved by use of the Bilgram 

















84| = ЕБ diagram as shown in fig. 81. 
HEEE FERE 
> Tzi EZ = А - 
28g 3:298 $3 Problem.—A 7X7 engine is to be 
um run at 450 revolutions per minute. 
ЕЕ | 3 t What are the principal dimensionsof 
5 5 8 J% mT 58 By the slide valve and ports for a steam 
CHEMEEEEEEEERET- velocity of 8,000 feet per minute 
SSPSESSS Ed through the port opening and 6,000 
8 : RC S feet through the ports? Lead Jg inch, 
НЕ 113 TY 2 i ii cut off 34, release .9 stroke, length 
53 КЕРИГЕ ES of ports .8 the diameter of the cylin- 
Š AASESESS 88 der, and length of connecting rod 
ive 
BEER 2% times the stroke. 
on © = 575 
ego 3 ы ыы w D 
ГЕШ ЕЕЕ ЕНТ 55 
5295 [55999858 33 
Sus #282888Ф0»в з 
ЗЕЕ 
ы 2 mu 
fs. | BE2223 y y | 
$398 1333323,8 58 
БЕ FEEEEEEE BA: 
QS EEEREEREREIER- 8 8 
в зе | NOTE.—Zeuner diagram. The leading 
xa "T НЕ 2 а 88 data that are given in designing a valve motion 
PES 55329858 да are the point of cut off, the port opening, and 
fo 333 8998 5:5: 58 the lead of the valve (not the lead angle of the 
HIE : Bon crank, as is often conveniently assumed). It 
з a : is the radical defect of the Zeuner diagram that 
а Bose i: none of these dimensions can be laid off from 
ё 48:3 :: known points. The lead must be laid off from 
E & Ud A an unknown point of the center line, and the 
а port opening from an unknéwn point onan un- 
cae known line. Finally, through these unknown 
ке 58 points and the center of the shaft the valve 
8 8 59 circle is to be drawn from an unknown center 
a = ge and with an unknown radius. Under these cir 
D SH cumstances the result sought is found only 
& 8 8 through blind trial. 


2 
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1. Find area and dimensions of port opening and port. 
area piston mm sq. ins.Xpistan speedin feet 
8,000 


2 0 : 
„(EX 7850 X GÒ XXD a 58 sq, in, 
8,000 


Since the velocity of the steam through the port is reduced to 6,000 feet 
рег minute, it is made larger than the port opening in the proportion of 
‚000 --6,000, ог 


з : 
area of port= 2.53 тыс sq. in. 


area port opening in sq. ins. = 


POSITION OF CRANK PIN 
FOR Be CUT OFF, ` 





Fic. 80.—Diagram for finding the crank position corresponding to a given piston position, 
Since the piston and cross head move in unison, the latter is used. With the wrist pin as 
center, and connecting rod as radius, an arc D C, is described cutting the crank pin circle 
in C. A line connecting the center of the circle with C, will give the corresponding crank 


position, 


The length of the ports is made 
.8 the cylinder diameter, or 


Length of ports =7X .8= 
5.6, say 514 ins. 


Width of steam ports 


-areá length 
or 
3.37 +514 = .612, say % in. 


Width of port opening = 
6,000 : 
5, УУ ==15 5: in. 


2. Find the position of the 
crank for 34 cut off. 


In fig. 80 draw a horizontal 
line, and near one end describea 
circle with any radius as O E. 
Measure off the length of the 
connecting rod A E=5xXO E, 
andAB=2XOE. AB, then is 
the length of the’ stroke. 


Find the position of the cross 
head F, when the piston is at 34 
stroke by taking A F=% A B. 
With F,as center and radive 
F D=A E, describe an arc 
cutting the circle in C. "This is 
the position of the crank pin 
wher the piston is at 3€ stroke. 


3. Find the lap, linear ad- 
vance and travel.of the valve, 
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Use is here made of the Bil- 
gram diagram, and the succes- 
sive steps in its application are 
as follows: 








for 34 cut off transferred from 
fig. :80* to fig. 81. 


b. Draw a line M S parallel to 
KN at a distance above (V in.) 


а. А horizontal line K N, is 
drawn, and the crank position 


equal to the lead; Ме5, then is 
the lead line; 












С“ 


COMPRESSION 


RELEASE 


EF= OUTSIDE LAP 
EG= INSIDE LAP 


LINEAR ADVANCE 
«— — Vi6 LEAD 


ANGULAR ADVANCE 
OPENING 
TRAVEL OF VALVE 


Fic. 81.—Bilgram diagram for finding the lap, angular advance travel, etc., of the slide 
valve. With this diagram, any valve problem may be easily and quickly solved. 






c. With a radius O-A, equal to the port opening (14 in.), describe the 
port opening circle. 

d. Now, find by trial the radius E F, and center E, of a circle that shall 
be tangent to the lead line M S, the port opening circle, and the cut off 
line OC. The radius E F, of this circle is the outside lap. 


e. Draw E H perpendicular to K N, then the distance E H is the linear 
advance. 


f. Now by the method of fig.:80 , find the crank position for release at 
-9 stroke. In fig. ‘81, draw this Crank position O C’, and a circle tangent 
to it with center E С, The radius E G, of this circle 1s the inside lap. 


2. A second tangent OC”, to this circle gives the crank position for 
compression, 
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Measuring the diagram, the dimensions for the valve are 
Outside lap — Vo n. Linear advance =% in. 
Inside lap =3%& in. Travel of value=2 ins. 


With .the dimensions just obtained and the given data, the 
valve and ports may be laid down in the following manner; 


NEUTRAL POSITION 





EXTREME POSITION 







= № TRAVEL 


SEAT LIMIT 


Fic. 82.—.How to lay out the slide valve. I. With tne dimensions obtained by the 
Bilgram diagram the length of the face is determined by sketching one end of the valve 
in its central or neutral position as here shown. 


Fic. .83.—How to lay out the slide valve. II. The width of the exhaust port is obtained by 
skettning one end of the valve in extreme position for admission. Evidently H’, must. be 
so located that B H’ =F G, in order not to choke the exhaust. 


Pre. :84.—How to lay out the slide valve. III. Theseat limit is obtained by sketching one 
end of the valve in extreme position for exhaust as shown and locating the seat limit E 
between A B, at some point which will give sufficient contact E B, for a tight joint, this 
distance being called the secl, 
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Fic. 85..—Dimensioned drawing of slide valve from measurements obtained in the diagram 
on page 127. In the drawing all the longitudinal dimensions necessary for proportioning 
the steam features are given. The thickness of valve walls will depend on the type of 2n- 
gine, steam pressure, etc. 


V CUT OFF Yq CUT OFF 


\ 










LARGE 
PORT 
OPENING 






V CUT OFF 


SMALL 
PORT 
OPENING 








Fics. 86 to 88.—Bilgram diagrams illustrating influence of lap on the port opening for 
early cut-off. It is evident from the diagrams that the greater the lap the greater the port 
opening at early cut off. 

EARLY 

CUT oFF 





ANGULAR LEAD 


ANGULAR 
LEAD 
SMALL 


Fics. 89 and 90.—Effect on the lead of variable cut off by shifting eccentric: As the cut off 
is shortened by shifting the eccentric, the lead ts increased, that is, the point of pre-admis- 
Sinn occurs earlier. 
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VW CUT OFF 


Fic. 91.—Instantaneous velocity of the piston at the point of 1/: cut off (connecting rod 
ratio 2:1). Lay off connecting rod position A B for !/; cut off giving crank ange „СОВ = 
? as measured by protractor, and position A’ B’ for crank angle of 90°. OB’ is crank 
position of maximum piston velocity because at this instant the crank pin and wrist pin 
are moving in parallel paths, and the actual velocity of the piston at this instant =velocity 
of crank pin = (34.558 X260)+12 =720 ft. per min. neglecting angularity of the connecting 
rod. Now assuming the velocity of the piston to vary as the versed sine of the crank angle, 
then piston velocity at point A, or /7 cut off -maxmum velocity X. ver. sin, 3934? » 720 
X .22838 = 164.4 ft. per min. 


SHIFT 
m ; 35 REL. 


% то 





Fie. 92.—Bilgram diagram for straight slot shifting eccentric. — Given: maximum out 
off 34; minimum cut off 1/5 lead; V4. By measurement: Lap 2%; port opening at Mou 
oft, .65; port opening at !/; cut off, 085. It should be noted that in the operation of the 
straight slot eccentric under the conditions of the above diagram, the angle of pre-admission 
changes from 4 to @ as the center of the eccentric moves from Q to Q in shortening the cut 
off from 3% to 1/1. 
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Governors 


Centrifugal Governors.—The action of governors of this type 


depends upon the change of centrifugal force when the rate of 
rotation changes. 


In designing a governor the first step is naturally to assume an allow- 
able speed variation and then compute k (figs. 93 to 95) for maximum 
and minimum speed. Then by knowing the rise and fall of the balls, 
the movement of the collar upon the stem can be determined, and the 
desired movement of the regulating device be obtained by interposing the 
proper gearing. 





CENTRAL 


CROSSED 





Fics. 93 49:85 — Various methods of pendulum governor ball 


5 suspension, 
show 4, dimension. Fre. 93 central suspension; fig. 94 offset suspension, 
fig. 35 crossed suspension 


The expression for the total centrifugal force horizontally outward is: 
СОМ ИЕ рул ш лл УУ и Bul sees ons (1) 
n which 
C —total centrifugal force in Ibs.; 
W — weight of both balls in Ibs.; 
v —tangential velocity of balls in feet per second; 
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g=acceleration due to gravity = 32.16; 
ғ =гайіиѕ оѓ гоїайоп of the balls, in inches. 


Now 
Wr=Ch 2... ntn 2) 
Substituting for C, its value as in (1), 
Мг =12 Му (еее. (3) 
from which 
р 2. 210... 5 + + + (4) 


Now the tangential velocity v, of the balls for any rotative speed R. is 
v=2 rr R+ (12X60) =7 7 R+360 
and since g =32.16, substituting in (4) 
у =32.16 +12 (w r R+360)?=35,191.7+R 0... + + + (5) 
Example.—in an engine running at 200 r.p.m., the governor is to run 
at half that speed and have a "regulation" within 4 per cent. 


Кош per cent regulation means that the maximum speed of the engine 
is to be у 
200 Х 1.02 2204 r. p. m 


and the minimum speed 
200 Х .98 = 196 г. р. т. 
Then the corresponding maximum and minimum speeds of the governor 


will be half these values or 102 and .98 r. p. m. respectively. Substituting 
these values in (4), for maximum speed 


h =35,191.7+ 102? =3.38 
and for minimum speed 
h =35,191.7-+ 98? =3.66 
which means that the balls must rise and fall vertically a distance of 
3.66 — 3.38 =.28 inch 


for a total variation of 4 per cent in the speed of the engine, that is for 
4 per cent regulation. The corresponding movement of the collar upon 
the governor shaft will depend upon the lengths of the different arms and. 
connecting levers and may be determined graphically. 2 
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Efficiency 


Efficiency.—In general the term efficiency may be defined as 
the ratio of the useful work performed by a prime mover to the energy 
expended, that is, the output divided by ihe input. 


There are several kinds of efficiency. 


a. Thermal 

b. Mechanical; 

c. Combined; 

d. Net or commercial; 


e. Volumetric. 


Thermal Efficiency.—A perfect engine converting all the heat energy 
of the steam into work would require: 


33,00C foot pounds 4- 777.54 — 42.44 B.t.u. 


per minute per indicated horse power. This figure 42.44 divided by the 
number of B.t.u. per minute per z.h.p., consumcd by an engine gives its 
thermal efficiency, that is, its efficiency compared with a perfect engine; 
expressed as an equation: 


42.44 


thermal efficiency » ——— ————————————— 
У B.t.u. рег тір. рег z.h.5. 


In practice the thermal efficiency is always less than 1, the difference 
representing the per cent losses, as by radiation, condensation, wire drawing, 
leakage, drop, etc. 
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Mechanical Efficiency.—In any engine the power delivered to the shafi 


of the moving parts. Accordingly the power delivered to -the Shaft will 

always be less than the power applied to the piston, the difference being 

in amount equal to the power lost by friction. Thus, in a certain engine 

5 per cent of the power is lost by friction, accordingly the power delivered 

to the shaft is 100% — 5% = 95% of the power supplied to the piston, 
This percentage, 95%, or .95, as it is EN 

usually expressed, represents the ratio of the 


> 
Xt 
power delivered to the power applied and is ( 7) Е “с 
known as the mechanical efficiency. (\ Mj ) 
By definition then, mechanical efficiency | : 
is the ratio of the power delivered to the power S e 
applied, that is, the power delivered to the к 











1185.4 8.T.U. 
— 


COMING OUT 


HEAT GIVEN BY BOILER 
PER LB.OF STEAM 


^| 1185.4 7180 1,005.4 B.T.U. 








O 





FEED AT 212° 
.. 180 &.T.U. 





Fic, 96.—- Therrnal efficiency. The heat chargeable to an engine per Ib. of steam is the 

erence between the total heat in a lb. of steam (coming out) at the boiler pressure and 

that in a lb. of the feed water going in the boiler. In the above case then, heat given Ьу 

the boiler per Ib. of steam =1005.4 B.t.u. Now the B.t.u..per minute used by the engine 

per Ib. of steam per i.4.p. hour = 1005.4 +60 = 16.76 and if the engine require 50. bs. of steam 

per i.h.p. hour, then B.t.u. per minute per. $,h p. 916.76 X50 «838, and tlie thermal effi- 
сіепсу—12 44 --838 x .05, that is 595. 
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divided by the power applied to the piston—in other words, the brake 
horse power divided by the indicated horse power. Evidently then, the 
steam consumption of an engine as usually stated is oaly the apparent 
consumption and to obtain the true consumption the mechanical : 


must be considered. egeo 
A хм Example.—A certain engine developing 100 in- 
( А dicated horse power, requires 25 pounds of steam. 
C Jes per indicated horse power hour and its mechanical 
4 ) efficiency is .87. What is the real steam consump- 
( \( ) x tion? 
üt 
V. M и The mechanical efficiency being .87, the power 
SK. +, delivered from the shaft will be reduced to 


100 .87 =87 horse power 







|| MECHANICAL EFFICIENCY 
=9+10=.9, OR 90%- 


| HORSE POWER LOST IN FRICTION 


10_INDICATEO 


| oRSE powER Fic. 07.—Hoisting engin illus 
| HORSE POWER = t 


trating mechanical efficiency. 
The power delivered at the 
drum is always less than the 
power applied to the piston by 
the steam; this difference, in 
amount being equal, to the 
friction of all the working parts 
from the piston to the drum. 








but the total steam supplied to the engine per hour is 
100 X 25 = 2,500 pounds 
and as only 87 horse power is delivered to the shaft, the true steam consumption is 
. 2,500 + 87 = 28.7 pounds 
instead of 25 pounds. 


In general the mechanical efficiency of engines varies from .85 їо .95, 
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Boiler Efficiency.—In general, ‘the efficiency of the boiler is defined as 
the percentage of the total heat generated by the combustion of the fuel which is 
utilized in heating the water and generating the steam. This is evidently the 
coinbined or overall efficiency, being the product of: 

1. Efficiency of the grate. 

2. Efficiency of the furnace. > 

3. Efficiency of the heating surface. 

4, Efficency of the boiler covering or insulating material. 


In determining the “efficiency” of a boiler (meaning the combined 
efficiency of the 4 above factors) the ratio is found between the heat 
absorbed per pound of dry coal and the heat (calorific) value of one pound of 
dry coal, or the ratio of the two based’ ort coal as jired.* 

ea EFFICIENCY 
А ~ 78.69 h 






Fic. 98.—Evaporation "from and at 
212? Fahr.", ilustraung boiler effi- 
ciency as explained in the text above- 
Complete combustion is assumed. 


le 
^^ EVAPORATION 
; FROM AND АТ 212” РАН 


le {№ 






VA, 2 LBS. 
MASSE Eo 


WATER 
ns 





! 
\ 

_Example:—The equivalent steam 
consumption (from and at 212°) of a 
certain engine of 100 #.h.p. is 20 pounds 
per horse power hour, Anthracite coal 

aving a heating value of 14,800 B.t.u. 

3155.2 BTU рег pound is used. Assuming 15% 
LOST HERE passes through the grate as ash and un- 

urned coal, how much coal is required 
per hour to run the engine? 


Total steam required to run the 
engine is 


20 X 100 = 2,000 pounds per hour 

Since 15% of the coal passes through the grate the percentage available for combustion ia 

100% — 15% = 85% 
Since the heating value 14,800 B.t.u. is reduced to 
14,800 X 85 = 12,580 B.t.u. per pound of coal fired 
and the theoretical evaporation (from and at 212°) under these conditions is 
12,580 + 970.4 = 12.96 pounds per pound of coal fired, 
the amount of coal required to run the engine is 
2,000 + 12.96 = 15.43 pounds per hour 

*NOTE.—The weight of combustible is sometimes used instead of weight of coal. The term 
combustible means the portion of the fuel that.is burned—the total weight of coal fired less that 
which passes through the grate. Accordingly efficiency based on combustible furnishes an 
approximate means for comparing the results of different tests, when the losses of unburned 
coal due to grates, cleaning, etc., are eliminated. In coal analysis combustible is defined as 


the fixed carbon and volatile matter, the moisture and ash being excluded, By some writers it is . 
coal dry and free from ash, and by others, pure coal. 






ILB. OF COAL (14.800 BTU} 
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Combined Efficiency.—In any system comprising several elements, as 
an engine and boiler, an engine connected to a dynamo, or to a pump, etc , 
the combined efficiency (sometimes called the overall efficiency) 1s the factor 
which includes the efficiency of each element. By definition, the combined 
efficiency of a system composed of several elements is the product of the 
efficiencies of each element. Thus in a system composed of two elements, 
engine and boiler, the combined efficiency is the product of the engine 
efficiency multiplied by the boiler efficiency. 


Example.—In a certain pumping pant, as shown in fig. 99 there is a,power pump 
connected by belt drive to an engine. If the efficiency of the various elements be: boiler 73 %; 


engine: thermal 15%, mechanical 95%, belt drive 98%, pump 95 %, what is the combined or overa 
efficiency? 


13% THERMAL | 
95% MECHANICAL || 





Fic. 99.— Diagram of simple steam plant illustrating combined efficiency. Inthe diagram 


“73% represents the efficiency of the boiler, including fhe pump. 
The product of the above efficiencies is the combined efficiency, that is 
boiler -—engine—. belt, pump 
.73 X .15 X .95 X .98 X .95 = .097 or 9.795 


.Example.—In & 25 horse power 110 volt direct connected generator set the mechanical 
efficiency of the engine is .92 and efficiency of dynamo 9. "What is the energy and current 
output of the dynamo? 

As usually rated the value for power refers to the engine and here means 25 indicated hores 
power. 

The combined efficiency then of the two elements is 


92 X 9 = 33 
Hence the energy output of the dynamo is 
25X .83=20.8 horse power or 
.746X20.8= 15.5 kw 
The current output is 
15.51.000ъ110= 140.9 атрегеѕ. 

Net or Commercial Efficiency.—If the entire plant be 
regarded not merely from the standpoint of combined efficiency 
of the power system but also takes into consideration its cost, 
depreciation, maintenance, etc., a true idea of the actual cost of 
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the power is obtained. A factor may be found which takes into 
account all these items and which is called the met efficiency. It 
must be evident that this is a most important point, for upon it, 
depends the actual cost of the power. 


INDICATED HORSE POWER AND EFFICIENCY 





MEAN PRESSURE 


Fic. 100 —Mechanical efficiency curve. In construction, it is drawn for any engine by 

taking the value brake horse power +indscated horse power for various mean effective pressures 
and setting off the value of the fraction to a vertical scale of percentage, and joining the 
points thus found. It will thus be evident that, so far as the mechanival efficiency is con- 
cerned, an engine should be worked up to its full load to obtain the maximum efficiency. 
The friction of an engine does, no doubt, to some extent increase with the load, but the 
proportional increase is so small as practically not to affect the result. The above remarks 
assume perfect efficiency of lubrication. Thurston gives the following values for the relative 
distribution of the friction in an engine with a balanced slide-valve: Main bearings, 47 per 
cent.; piston and rod, 32.9; crank pin 6.8; cross head and wrist pin, 5.4; valve and rod, 2.5; 
eccentric strap, 5.3 per cent, he frictional resistance of engines in general varies from 
about 8 per cent. to 20 per cent, of the full power, 


Example.—Two types of power plants are to be considered fora certain 
proposed installation. Plant A: Cost $1,000; depreciation and main- 
tenance, 5%; coal per horse power hour, 5 pounds. Plant B: Cost $5,000 
depreciation and maintenance, 8%; coal, per horse power per hour, 1.5 
pounds, With coal at $3.00 per ton, and interest at 6% on the investment, 
which plant is the more efficient commercially each operating 10 hours per 
day. 300 days per year? 
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Plant A. Coal used per horse power per year. 
5 x 10 X 800 = 15,000 pounds or 7.5 tons. 


Cost of fuel per year = 7.5 X 5 =......... тым 37 5 
Depreciation and maintenance, 1,000 X .05.......... 50 
Interest on the investment, 1,000 X .06.............. 60 





Actual cost of the power per horse power year. ,.......9147.5 (1) 


Plant B. Coal used per horse power per year. 
1.5 X i0 x 300 = 4,500 pounds or 2.25 tons. 


Cost of fuel per year, 2.25 Х 5 =.................. ‚ 11.25 
Depreciation and maintenance, 5,000 X .08 =....... 400 
Interest on the investment, 5,000 X .06.. ... p dee 300 





Actual cost of the power per horse power year...... ..9/11.28 (2) 
Comparing items (1) and (2), plant A is 711.25 + 147.5 = 4.8 times more 
efficient commercially than plant B.. That is, calling the net efficiency of 
plant A, 100%, then the net efficiency of plant B, is 147.5 + 711.25 = 207. 
that is, 20.7% as efficient as plant A. 


Consumption of Condensing Engines 
(Approximate steam consumption according to Kent) 








Steam Pressure 


В ОН 
400 | зоо 250 | 200 | 150 | s00| 75 | 20 









` 
Type of engine 





Lbs. of steam per hour per horse power 





10.5 | 11.4 | 12.9 








Ydeal engine (Rankine cycle)......... ў 7.5 | 7.9 | 845| 92 
jadruple expansion wastes 20 per cent 8.75 | 9.15| 9.75] 10.5 | 11.6 | 13.0 | 14.0 | 15.6 ed 
riple expansion wastes 25 per cent....| 9.25 .95 | 10. 11.15 | 12.3 | 14.0] 15.1] 16.7 
Compound wastes, 38 per cent... ,... 25 | 11. 12.7 | 13.9 | 15.6 | 16.9 | 18.9 
5. 16.8 | 18.4 | 20.4 | 22.7 | 25.2 


Simple engine wastes, 50 per cent...... 
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Pumping Engines 
The practical limit of lift is from 20 to 25 ft. 


When the water is warm, the height to which it can be lifted decreases, 
on account of the increased pressure of the vapor. That is to say, for 
illustration, a boiler feed pump taking water at say 153° Fahr., could 
not produce a vacuum greater than 21,78 ins., because at that point 






ELEVATED 
TANK 


Fic, 101.—View of elevated tank with pump in operation maintaining the supply which 1s 
pei ng arawa upon as shown, illustrating the terms static lift, dynamic lift, static head, and 
ynamic ‘ 


the water would begin to boil and fill the pump chamber with steam, 
Accordingly, the theoretical lift corresponding would be 


21.78 
4 
34X 30 


The result is approximate because no correction has been made for 
the 34 which represents a 34 foot column of water at 62°; of course, at 





=24.68 ft. approximately. 
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153° the length of such column would be slightly increased. 
It should be noted that the figure 24.68 ft. is the approximate theoreti- 
cal lift for water at 153°; the practical lift would be considerably less. 





The following table shows the theoretical maximum lift for different 
temperatures, leakage not considered. 


Theoretical Lift for Various Temperatures * 


Absolute | Vacuum г Absolute | Vacuum 
Temp. pressure „in ; . ргеззиге i 
Fahr. of vapor inches г of vapor 

18. рег о lbs. per 


&q. ins. mercury Sq. ins. mercury 





102.1 1 27.88 
126.3 2 25.35 
141.6 3 23.83 
153.1 4 21.78 
162.3 5 19.74 
170.1 6 17.70 
176.9 7 15.67 








How to Figure Capacity.—RULE: Multiply the area of the 
piston in sq. ins. by the length of the stroke in ins , and by the 
number of delivery strokes per minute, divide the product by 1,728 
to obtain the theoretical capacity in cu. ft., or by 231 to obtain 
theoretical capacity in U. S. gallons. The result thus obtained 
is to be multiplied by an assumed factor representing the. efficiency 
of the pump to obtain the approximate net capacity. 


The rule expressed as a formula is 


: : 1854X D?XL XN 
Approximate net capacity. =- 1259. X (1—) Cu. ft., 
, 
ог 
-7854XD2XL XN: 
=— z X (1— f) gallons 


in which Ec 
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D?=square of piston or plunger diameter in sq. ins.; 
L =length of stroke in ins.; 
N =number of delivery strokes per minute; 
f =factor representing assumed slip in per cent. of displacement; 
1,728 —cu. ins. in one cu. ft.; 
231 cu. ins. in one U. S. gallon. 


Example.—What is 'the approximate net capacity of a 3X5 double 
acting power pump running at 75 revolutions per minute with an assumed 
slip of 5 per cent., applying this formula? 





t» о 7854 X31 x 5X 150 ; 
Approximate net capacity = — — 79g X (1 —.05) =2,92 cu. ft. 
-7854 X32 X5 X 150 
-— 3p (1 — .05) =21.8 galls, 


Theoretical Horse Power at the Water End.—The theo- 
retical horse power required to raise water at a given rate to a 
given elevation is obtained by the following formula: 


T. H. P. - VXWX(L-EH) 
33,000 
in which 
V=volume in cu. ft. per minute; 
W=weight of one cu. ft. of water; 
L=lift in ft.; 
H=head in ft. 
Example.—What is the theoretical Horse power required to raise 100 


cu. ft. of water 200 ft.. with a 10 ft. lift when the water is at a temperature 
of 75° Fahr., and when at 35° Fahr.? 


For a temperature of 75°, one cu. ft. of water weighs.62.28.lbs. Subs 
stituting this and the other data in the formula, 


_, 100 62.28 x (10-+200) 
T.H.P. = ao ae =39.63 


у 


Now if the water have a temperature of only 35*;'as might be in very cold 
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weather, the weight of one cu. ft. will increase to 62.42, and the horse 
power would accordingly increase in proportion to the ratio of the two 
weights, or 


^ 6242 7 
T. H.P. (at 35° Fahr.) =39.63 X 62387 39.7 


By observing the very slight difference in the two results it will be seen 
that for ordinary calculation, the temperature need not be considered, 
taking the usual value 62.4 Ibs. 


Horse Power Absorbed at the Water End.—The actual 
horse power required at the water end of a pump (not including 
slip or mechanical efficiency) is equal to the theoretical horse power 
plus an allowance for the friction of the water through the pipes 
and pump passages. 


There is also friction of water in the elbows which is usually taken into 
account. Values for these two items are obtained by consulting tables of 
friction of water in pipes from which the virtual head to be used is easily 
found and which when inserted in the T.H.P. formula will give the “actual 
horse power” as above defined. 


Duty of Pumps.—The word “duty” is used in engineering 
to express the efficiency of a steam pumping engine as measured 
by the work done by a certain quantity of fuel, or steam. Duty, 
then, stands for foot pounds or work done, and means the num- 
ber of pounds of water lifted one foot, or” its equivalent, by 
100 pounds of coal, or 1,000 pounds of saturated steam. 


Another unit of duty is, the foot pounds of work at the water end per 
million heat units furnished by the boiler. This is the equivalent of 100 

unds of coal where each pound imparts 10,000 heat units to the water 
in the boiler, or where the evaporation is 10,000 4-065.7 —10.355 pounds of 
water from and a4 212°, per pound of coal. 


The last mentioned unit which was reported in 1891 by a committee of 
the A. S. M. E. (Trans. XII, 530), reaffirmed it in 1915 as the standard 
unit and defined it as follows: the duty per million heat units is found by 
dividing the number of foot pounds of work done during the trial by the total 
number of heat units consumed, and multiplying the quotient by 1,000,000. 
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Air Compressors 


The Compression of Air.—When the space occupied by a 
given volume of air is changed, both its pressure and temperature 
&re changed in accordance with the following laws: 


Boyle’s Іа: Аг constant temperature, the absolute pressure 
of a gas varies inversely as its volume. 


Charles? law: Ai constant pressure, the volume of a gas is 
proportional to its absolute temperature. 


In the ordinary process of air compression, therefore, two 
elements are at work toward the production of a higher pressure: 


1. The reduction of volume by the advancing piston; 
2. The increasing temperature due to the increasing pressure 
corresponding to the reduced volume. 


The application of Boyle’s and Charles’ laws may be illustrated by 
a cylinder fitted with an air tight piston. If the cylinder be filled with air 
at atmospheric pressure (14.7 Ibs. per sq. in. absolute) represented by 
volume A, and the piston be moved to reduce the volume, say to 14 A, 
as represented by B, then according to Boyle's law the pressure will be 
trebled or=14.7X3=44.1 lbs. absolute, or 44.1—14.7=29.4 gauge 
pressure. 


In reality, however, a pressure gauge on the cylinder would at this time 
show a higher pressure than 29.4 gauge pressure because of the inerease in 
temperature produced in compressing the air. 


Now, in the actual work of compressing air, it should be carefully noted. 
that the extra work which must be expended to overcome the excess pressure 
due to rise of temperature is lost, because after the compressed air leaves tne 
cylinder it cools, and the pressure drops to what it would hace been if 
compressed at conslant temperature. 
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The relationsnip of pressure, temperature and volume of air 
is expressed by the formula: А 


tee И И ем (1) 
T 


in which ^ 
P=absolute pressure in lbs. per sq. ft.; 
V =voiume in cu. ft. of 1 lb. of air at the given pressure and ‘emperature; 
T=absolute temperature in degrees F. 
Example.—What is the volume of 1 Ib. of air at a pressure of 24.7 lbs. 
per sq. in. and at a temperature of 210° F.? 


24.7 X144 XV 


"M044596 ^7 


or 


 53.3X 669.2 


im 24.7 X144 


2:10.03 cu. ft. 


Adiabatic Compression.—Formulae are: 


М» _ Р ОР, _ V 1.41 ТА V4 ,41 
V Р, Р, Vo T, V2 


Уу» -1 2.46 P2 м ar 3.46 т. Р, .29 
У, To P, T, 1 Р, 
in which 


P.i=initial absolute pressure in Ibs. per sq. ft.; 
V.i=initial volume in cu. ft.; 
T: =initial absolute temperature in degrees F.;° 
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P;=absolute pressure in lbs. per sq. ft. after compression; 
V:=volume in cu. ft. after compression; 
T:=absolute temperature in degrees F. after compression. 


The formulae just given hold if all pressures are in lbs. per 
Sq. in., or if all volumes are in cu. ins. 





Isothermal Compression.—Formula: 
PiXVi=P:XV2=C. 
in which 
Pi - initial pressure in Ibs. per sq. ft.; 
V; — initial volume in cu. ft.; 
P» absolute pressure in lbs. per sq. ft. after compression; 
V4- volume in cu. ft. after compression; 
C -constant depending on the temperature. 


For a temperature оѓ 32° Е. constant C equals 26,200 ft. lbs. and for 
other temperatures it may be found from the formula C 253.3 T, im which 
T is the absolute temperature which is maintained during the expansion 
or compression. 


Example.—A volume of 165 cu. ft. of air, at a pressure of 15 lbs. per 
sq. in. is compressed adiabatically to a pressure of 80 Ibs. per sq. in. What 
will be the volume at this pressure? 


ү (6 т 
= => = = =50 cu. ft. * 
Vi v (E 165 80 0 cu. ft. approx 


Example.—A volume of 165 cu. ft. of air is compressed isothermally 
from 15 to 80 Ibs. per sq. in. What will be the volume after compression? 


У а = 31 cu. ft. 


The work required to compress air is given in the following 
tables. 
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Horse Power Required tor Compression.—The following 
table No. l according to Kent, gives horse power required to com- 
press and deliver one cu. ft. of free air per minute to a given 
pressure with no cooling of the air during the compression; also 
the horse power required, supposing the air to be maintained at 
constant temperature during the compression. 


Table No. 1 Table No. 2 

Gauge Air not Air constant Gauge Air not Air constant 

pressure cooled temperature pressure cooled temperature 
5 0196 .0188 5 .0263 .0251 
10 0361 0333 10 0606 0559 
20 .0628 0551 ` 20 1483 ‚1300 
30 0846 0713 30 2573 .2168 
40 1032 .0843 40 3842 3138 
50 1195 0946 50 5261 4166 
60 1342 .1036 60 .6818 5266 
70 1476 ‚1120 70 .8508 .6456 
80 1599 ‚1195 80 1.0302 7700 
90 1710 .1261 90 1.2177 .8979 
100 1815 = 318 100 1.4171 1.0291 


The above table No. 2 according to Kent gives the horse powe 
required to compress and deliver one cu. ft. of compressed air 
per minute at a given pressure (the air being measured at the 
atmospheric temperature) with no cooling of the air during the 
compression; also supposing the air to be maintained at con- 
stant temperature during the compression. 

The horse power given in these tables is the theoretical power, no allow- 


ance being made for friction of the compressor or other losses, which may 
amount to 10% or more. 


Calculation of Horse Power.—The following illustrates how 
to calculate the horse power required for compressors. 


Example.—What horse power is required to compress 475 cu. ft. of free 
air per minute into a receiver against a pressure of 78.3 Ibs. per sq. in., 
assuming air enters compressor at 14.5 lbs. absolute and air maintained at 
constant temperature? 


S 
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One method of solving this problem is as follows: 
Compression ratio =78.3+14.5=5.4. 
Hyperbolic logarithm of 5.4 (from table page 229) = 1.6864. 


1+ћур. log. of 5.4=2.6864. 


МЕР. = [отс EO ] и: (x) 


in which 

M.E.P. =mean effective pressure in lbs. per sq. in. 
P,=receiver pressure. 

C —ratio of compression. 

P,-intake pressure. 


Substituting in formula (1) 


МЕР. = |528 е us| = 32.1 lbs. 


The size of the compressor piston depends on conditions, but for calcu: 
tation of horse power, any size piston may be assumed. Accordingly, for 
simplicity, assume piston to have an area of 1 sq. ft., that is, 144 sq. ins. 
so that 475 ft. per min. will correspond to the piston speed. 


Now, 


piston 2rea X m.e.p. X piston speed ти 
horse power = o oo (2) 


Substituting in formula (2) 


144 X32.1 X475 
33,000 


It should be understood that this is the power required for compressing 
the air and to which must be added extra power to overcome the friction 
between the air piston and the drive piston, to obtain the power required 
for the driver. 


horse power = = 66.5 
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Hoists 


Capacity of Hoisting Engines.—The horse power required 
to raise a load at a given speed is equal to 





gross weight in lbs. X. speed in feet per minute 
33,000 


To this there should be added from 25 to 50 per cent -for 
friction, contingencies, etc. Тһе .ргоѕѕ weight includes the 
weight of the cage, load, and rope. In a shaft with two cageg 
balancing each other, the net load is taken. 


Limit of Depth in Hoisting.—Taking the weight of a 
hoisting rope, 11% inches in diameter, at two pounds per foot, 
and its breaking strength at 84,000 Ibs., it should, theoretically, 
sustain itself until 42,000 feet long before breaking from its own 
weight. But taking the usual factor of safety of 7, then the safe 
working length of such a rope would be only 


42,000 7 = 6,000 feet. 


NOTE.—Power required for traveling cranes and hoists. Ulrich Peters, in Machinery 
November, 1907, develops a series of formule for the wer required to hoist and to move 
trolleys on cranes. The following is a brief abstract. "Resistance to be overéome in moving 
a trolley or crane bridge. Pi =rolling friction of trolley wheels, P2=journal friction of wheels 
or axles, Ps=inertia of trolley and load. P «sum of these resistances = 


FitF:id V Е 
+ —— } in which T=weight of trolley, L=load, Fi =coeffie 
D 1,932t 


tient of rolling friction, about .002 (.001 to .003 for cast iron on steel); F4 «coefficient of journal 
friction, =.1 for starting and .01 for running, assuming a load on brasses of 1,000 to 3,000 
pounds per square inch; (F: is more apt to be .05 unless the lubrication be perfect); a =diam- 
eter of journal; D =diameter of wheels; V =trolley speed in feet per minute; t =time in seconds 
in which the trolley under full load is required to come tu the maximum speed. Horse power e» 
sum of resistances Xspeed , feet per minute +33,000. Force required for hoisting and lowering: 
Fli =actual hoisting force, F? —theoretical force or pull, L=load, V =speed in feet per minute 
of the rope or chain, c —hoisting speed of the load L, cV 2transmission ratio of the hoist, 
e=efficiency =Fh+F°, Theactual work to raise the load per minute =FhV =Le =F°V +e, 
The efficiency e is the product of the efficiencies of all the several parts of the hoisting mechan- 
ism, such as pulleys, windlass, gearing, etc. Methods of calculating these efficiencies, with 
examples, are given at length in the original_paper by Mr. Peters, i 





PitP:+Ps -азно( 


Mechanical Calculations 151 





If now a weight of three tons, which is equivalent to that ` 
of a cage of moderate capacity with its loaded cars, be -hung 
to the rope the maximum length at which such a rope could be 
used with the factor of safety of 7, is 


6,000 — —- — 3,000 feet 


The limit may be considerably increased, by using: 1, special 
steel rope of greater strength; 2, a smaller factor of safety, and 
8, taper ropes. 





Pile Drivers 


Pile Driver Proportions 


For quick work, the following are suitable proportions of ‘engine, boiler 
and hammer. : 





| Boiler dimensions in 
'*:» inches 





Weizht hoisted i уе шы ы TA Weight of 
Engine single rope, lbs. monkey 
Diam. Height - Ibs. 
Е ЕЕ а EE 

5х 8 2,000 32 75 1,250 
бих 8 3,000 36 75 1,600 
64х10 4,000 : 33 81 ` 1,800 
7X10 5,000 40 84 | 2,500 
814x10 8,000 42 : | 8,000 
9x 10 9,000 48 102 | 3,500 
10x 10 10,500 50 102 і 4200 
10х 12 12,000 53 102 5,000 


12X12 à 16,000 56 120 - 6,500 
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УЛ и ои 


Transmission Rope 


Properties of Transmission Rope 


Maximum Number 


| Length of Splice, 
feet 


3 Strands 

6 Strands 

Smallest Didm. of 
Sheaves, inches | 
of Revolutions 


Dreatang Strength 
Maximum Allowable 
Tenson 


oo 


& 
© 
3 
| 
а 

я 
1 


ooo 0 iM 


5 06 
2 6 25 220 





Weignt of rope — .34 X diam.*? Diam. smallest 

Breaking strength =7,000 xdiam.? practicable pulley =36 Xdiam. 

Maximum tension =200 Xdiam.? Velocity of rope Но =5,400 ft. 
per min. 


Horse Power.—For convenience in determining the horse 
power that single ropes of ‘different diameters will transmit, 
the following table is given: 


Horse Power of Manila Rope 


Velocity, Peet per Minute 


Diameter 
ot Rope 


2.000 | 2.500 | 3,000 | 3.500 | 4,000 | 4,500 


„ж 


моон љо чыю 
3555»; 
Suwanee 
рочате-сљовос 


БЕРТ 


огого~чче 
оржочито-емзан» 


RR RAR 
УВЫБбозеныею 
сесесгосевосо» 
БЕБЕК 
ЗВЕНЕ Ен 
UM*B RBIS OSHS 
SEBBNH 
селчео 

БОВЕ Во» 
SRZSSSBE8 
окз=-оте 
2RRSSBERRES~ 
ouxoupbesuooe 
ЕЕ 





1 
1 
1 
1 
1 
1 
1 
2 
2 
2 
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The following table gives the sag on driving and slack sides. 


Sag 


Sag on Slack Side 
Distance dy 
between "Side, 
Ces: All Speeds, 
eet Feet 


Velocity, Feet. per Minute 


e 
s 


4,000 4.500 5,000 


19 
34 


33 
.59 


20 м» 
on 
со 
eo 
e 
a 
хл 
оо 


ФОМ Фон о 
моњ IR et at 


= 
~ 


53 
76 
0 
4 
7 
1 
0 
1 
4 
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а Сл К 0 Ф me N Б 

р о-з © юш юр р 
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Steam Hammers 


Rating.—The capacity or rating of a steam hammer is the 
weight of the ram and its attached parts, such as the piston and vod. 
The steam pressure behind the piston is not considered as far 
as the rating is concerned. 


Example.—-A 1,000 pound hammer has reciprocating parts of that 
weight. 


Rule.—Multiply the area of the largest cross section to be worked by 80, if 
of steel, о 60, if of iron, and the product will be required rating of the hammer 
én pounds. 


Example.—-The capacity of a hammer for working steel billets 5 inches 
square Would be determined as follows: 5X5=25 and 25X80- 2,000, 
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which is the rating of the hammer in pounds. A hammer rated according 
to this rule is an economical size to use, although it can, of course, be em- 
ployed for heavier work. 


For general blacksmith work the following table of sizes may 
be followed, with modifications according to conditions:* 


Diameter Diameter 

of stock Size of hammers of stock Size of hammers 
314 inches 250 to 350 pounds 5 inches 800 to 1,000 pounds 
4 inches 350 to 600 pounds 6 inches 1,100 to 1,500 pounds 
414 inches 600 to 800 pounds 


The capacity of most of the board drop hammers in use varies from 800 
to 1,500- pounds; the steam hammers found in drop forging plants usually 
range from_.2,000 to 5,000 pounds capacity, for handling average work. It 
does not seem practicable to build board drops larger than 3,000 pounds 
falkng weight, and where the forgings are heavy enough to require a capacity 
over 1,500 or 2,000 pounds, steam hammers are usually preferred. The 
latter tyre is also preferred in some forge shops for all classes of work, It 
is generally conceded that the cost of operation and repairs is greater for 
steam hammers, but the latter has a greater output for a given capacity. 


Boiler Capacity.—For operating steam hammers the size 
of boiler depends upon the number of hammers in the equipment 
and the service. It thay vary from one boiler horse power fof 
each 100 pounds falling weight, as in a forge where many ham- 
mers are in use, to three horse power per hundred pounds falling 
weight. where a single hammer is: installed at hard service. 


Hammers should be operated with steam at a pressure of 
from 75 pounds to a more efficient pressure of 100 pounds per 
square inch. 'They also may be operated by compressed air, 
in which case the operating valve should be fitted to suit 


For average conditions the boiler horse power can be deter- 
mined approximately as follows: 





*NOTE.—As recommended by tne Niles-Bement-Pond Co. 
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Rule.—Divide the rated capacity of the hammer in pounds by 
100, and the quotient will be the boiler horse power required for 
continuous operation. 


Example.—1f a hammer be rated at 2,000 pounds, the boiler horse 
power would be 2,000 + 100 =20. 


The rule also applies in cases where the hammer is not used continually, 
by estimating the amount of idle time and making suitable allowance, but 
the boiler capacity must not be reduced to such an extent that there is a 
decided diminution in the pressure during the working period. 


Sizes of Road Rollers.—The usual sizes of tandem rollers 
are 24, 3, 5, 8, and 10 tons, and of the three wheel rollers, 
8, 10, 12, and 15 tons. This range of sizes has been found to 
meet the varied requirements of road construction. 








Proportions of Road Rollers.—The following dimensions 
will serve to illustrate the general practice in the design. of 
machinery of this class: 


Erie 5 ton tandem roller. 


General: Weight, 11,000 Ibs.; length, 13 ft. 6 ins.; width, 4 ft. 2 ins.; 
wheel base, 9 ft. ] in.; height to top of stack, 8 ft. 8 ins. . 


Boiler: Diameter, 303 ins.; height, 54 ins.; 108 one and one-half inch 
tubes. 


Engine: Two cylinder high pressure, diameter 6 ins.; stroke, 6 ins. 
Rear: Rollers, diameter, 48 ins.; width, 39 ins.; compression, 210 Ibs, 


Case 10 ton three wheel roller. 


General: Rolling width, 81 ins.; wheel base, 113 ins.; length, 18 ft., 
height, 10 ft.; ground clearance, 16 ins.; speed, 214 miles per hour 
at normal speed of engine. ` . 

Engine: 64% and 9 by 10 ins. compound; 36 brake horse power; 
Hackworth radial valve gear; fly wheel 36 diameter, 914 face: 
revolution, 250 per minute. 

Boiler: Locomotive type; diameter, 26 ins.; grate area, 6.14 sq. 
£t.; heating surface, 130.2 sq..ft.; pressure, 130 Ibs. 
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Locomotives 


Capacity.—The capacity of a locomotive or the load it will 
haul is limited to the adhesion or traction due to the weight on 
the driving wheels. It is usually taken as } to l4 of the weight 
` on the drivers. 


The formula for ‘traction is 


pads@ ps _ #08 
47р р 
in which 
^ F -indicated tractive force in Ibs. 
p =average effective pressure in cylinder in lbs. per sq. in. 
S =stroke of piston in ins. 
d ‘= diameter of cylinders in ins. 


D =diameter of driving-wheels in ins. 


The Baldwin Locomotive Works gives the following formula 
for compound engines of the Vauclain four cylinder type: 


CSx%P , ’Sx4P . 
п A 
р B D 


in which 
T - tractive force in lbs. 
C - diameter of high pressure cylinder in ins. 
c —diameter of low pressure cylinder in ins. 
P —boiler pressure in Ibs. 
S =stroke of piston in ins. 


D =diameter of driving-wheels in ins. 
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For a two cylinder or cross compound engine it is only neces- 
sary to consider the high pressure cylinder, allowing a sufficient 
decrease in boiler pressure to compensate for the necessary back 
pressure. The formula is 


CS XP 


T= 
D 


The above formulae are for speeds of from 5 to 10 miles an hour, or less; 
above that the capacity of the boiler limits the cut off which can be used, 
and the available tractive force is rapidly reduced as the speed increases. 


Diameter of Cylinder.—Since the length of stroke is usually 
fixed to harmonize with the arrangement and diameter of the 
driving wheels, the determination of the size of the cylinder usu- 
ally consists in a calculation of the diameter. 

In order to make the calculation of diameter of the driving wheels, the 
weight on the driving wheels, the bower pressure and the stroke of the 


piston must be known. With this data the diameter of the cylinder can 
be calculated by the formula: 


ne 218WD 
PS 
‘n which 
A =area of each piston in sq. ins.; 
W =weight on driving wheels; 
C =circumference of driving wheels =3.1416 D; 
D =diameter of driving wheels in ins.; 
P =boiler pressure in Ibs. per sq. in.; 
S =stroke of piston in ins. 


Example.—Take an engine in which the weight on the driving wheels 
is 95,000 pounds; the diameter of the driving wheels is €2 inches; the boiler 
pressure 180 pounds per sq. in. and the piston stroke is 24 ins. The last 
formula then becomes: 
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__ .218 X95,000 X62 


A= 1805024 = 297.2 sq. in. 


or the diameter of the cylinder should be 19.44 ins. Such a cylinder would 
in practice probably be made 19 ins. in diameter. 








Size of Boiler.—The conditions of locomotive design are such 
that it is practically impossible to make the boiler too large. 


The weight and dimensions of locomotive boilers are in nearly all cases 
determined by the limits of weight and space to which they are necessarily 
confined. It may be stated generally that within these limits a locomotive 
boiler cannot be made too large. 








Horse Power.—Maximum horse power is usually attained at 
speeds of from 25 to 35 miles per hour in freight locomotives, 
and at speeds of from 50 to 60 miles per hour in passenger loco- 
motives. 


At higher speeds the power decreases in saturated steam locomotives; 
but is maintained nearly constant in those using superheated steam. 


A formula for horse power given by Kent is 


_ разм 


h.p.— 
p 375D 


in which 


p =mean effective pressure; 

d =diameter of piston in ins.; 

S =length of stroke in ins.; 

M =speed of train in miles per hour; 


D =diameter of driving wheels in ins. 
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R.P.M. for Various Speeds and Driving Diameter 
(Kent) 


Miles per Hour. 


Diameter 
vf Wheel. 


50 in. 
: 56 in. 
60 in. 
62 in. 
66 in. 
68 in. 
72in. 
78 in. 
80 in, 
84 іп. 
90 in. 
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Marine Engines 


A very common mistake, and one which tends to prejudice 
boat owners against the use of condensers, is the installation of 
engines too small for the load making it necessary to use initial 
‘pressures anywhere from 100 to 150 lbs. gauge. 


An engine operating under these conditions cutting off at one-third or - 
one-fourth stroke will have a terminal pressure considerably above at- 
mosphere and to obtain a 24 or 26 inch vacuum would require an abnor- 
mally large (and expensive) condenser; moreover, the excessive tempera- 
ture range will cause excessive condensation in the cylinder and consid- 
erably reduce the saving due to the condenser. : 


The following example will illustrate the difference in size of a single 
cylinder engine proportioned according to the usual practice and according 
to the author’s views. 5 


Stern Wheel Steam Boat Proportions 


с 
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Example.—Find the cylinder dimensions of a 500 horse power, single 
cylinder, lighter engine operating under the following conditions: Case 
I. Initial pressure, 125-1bs.; cut off 14 stroke; back pressure, 3 lbs. abs. 
(23.8” vacuum); 110 revolutions; unjacketed cylinder, diagram factor .8- 
Case II. Initial pressure, 80 lbs.; cut off, 1/7 stroke; back pressure, 2 Ibs. 
abs. (25.9" vacuum); 125 revolutions; jacketed cylinder, diagram factor ©. 


Case I. Usual practice . 
1254-15 —140 lbs. abs, initial pres. 


М.Е.Р. = (1893.99 —3) X .8- 76 bs. 


For 36" stroke Size 
500 33 x 36 


piston area = 560004 x: 36 X 110 X 76 —415 sq. ins. 





854 


Case II. Author's proportions 
80 4-15 295 lbs. init. pres. 


М.Е.Р. = (552.96 —2) х.9=34 Ibs. Size 
34% x 36 


piston diameter = \ a 22.9, say, 23". 


For 36" stroke 
500 


piston area 7000004 X 36 X 110X 34 


piston diameter EL = 34.4, say, 3414”. 





= 929 sq. ins. 


According to tests" a saving as high as 40.4 per cent has been made by 
the use of steam jackets on a single cylinder Meyer cut off engine. 
Case II, furnishes ideal conditions for the use of a jacket, and having 


*NOTE.—Special attention is called to these tests, which were made by Bryan Donkin, 
Рог data on the value‘of steam jackets comprising an elaborate series of experiments sce 
Pró. Inst. Mech. Eng. 1892, page 464°. It should be noted, as stated above, that the steam 
jacket saving of 40.4% was obtained with an engine fitted with the Meyer cut off gear—a gear 
not adapted to obtaining best results possible with а чету early cut off because of the large 
clearance. This large clearance may be reduced to almost zero by the four valve engine shown in 
fig. 102.. As shown, a shifting eccentric operates the admission valves, and a fixed eccentric 
the exhaust valves, With this arrangement the best economy. possible for a given cut and 
ter erare range in a single cylinder counter flow engine with non-releasing valve gear should 

obtained. 
. , J NOTE.—The diversity of. opinion which still exists as to the value of the steam, jacket 
is due to its mis-application, the tests in such cases being misleading except to the better 
informed. A jacket should only be used with a very short cut off, and to obtain the full 
economy the clearance, as mentioned above, should be reduced toa minimum. For maximum 
effect heads and piston as well as the cylinder should be jacketed and proper provision for 
drainage made. e Prof. Prosser's tests. 
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in mind the large clearance of the Meyer cut, off and the effect of clearance 
on economy, it would seem possible to still further reduce the feed water 
consumption by the use of rocking valves located in the heads. In regard 
to clearance, it should be noted that its detrimental effect is not measured in 
terms of per cent of displacément of full stroke but per cent of displace- 
ment up to point of cut off, and at very short cut off, as one-seventh, thig 
becomes considerable; accordingly with the ordinary clearance, the saving 
due to the short cut off is largely offset. 

The author believes that the feed water consumption of the ordinary 
single cylinder marine engine can be reduced at least 50 per cent, with the 
following design and working conditions: cylinder and heads steam 
jacketed, four rocking valves in the heads (reducing clearance to almost 
Zero); variable cut off by shifting eccentric; separate eccentric for ex- 
haust valves; 80 lbs. initial pressure; 6 to 7 expansions, 26 inch vacuum; 
speed somewhat higher than usüal practise to avoíd an abnormally larger 
engine for the power delivered. В 





The following example is given to illustrate the method of 
finding ihe cylinder sizes in the design of a triple expansion 
engine. 


Example.—Find the cylinder dimensiens of a high speed triple expansion 
engine for a passenger steamer to run as follows: initial pressure 160 Ibs.; 
number of expansions, 16; 2 lbs back pressure; 140 revolutions per minute. 


The graphical method consists in drawing a theoretical diagram’ from 
the given data of:initial pressure, total number of expansions, etc., and 
inscribing within, diagrams for the various cylinders of such contour as will 
represent the expected actual performance of the engine. It is evident, 
then, that the success of this method depends upon the experience and 
judgment of the designer in drawing these ‘‘expected diagrams,” their 
forms being obtained by first examining a large number of indicator dia- 
grams from engines similar to the one to be designed and running under 
the same conditions with open column frame, and built up bed plate. 


Assuming the expected diagrams in fig; 104. to represent approximately 
the actual diagrams, the cylinder dimensions are found as follows: 


Distribution of power 
Total area expected diags. =1.19+1.19+1.2=3.58 sq. in. 
Power h. p. cyl =3,000X1.19+-3.58= 997 horse power 
sé i р. ag = “ х “ = éi = 997 “ ii 
Бр. “ =83,000Х1.2—3.58 = 1,006 i ad 
Total 3,000 ^" Š 


Stroke у 
The length of stroke should be such that will give a proper piston speed 
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INITLAL PRESSURE 1,500 UBS, TERMINAL PRESSURE 10 LBS, 53357 1,500 
и 542.7° 150 EXPANSIONS BACK PRESSURE ILB 












PLANIMETER AREAS DROP AREAS 










H.P.= = .75 SQ.INS. IST RECEIVER =.1) SQ INS. 
900 PTINT. .95 ce ОНО “ 2.06« « 

QMOINT.= 1.09 « «& 380 fet ello d а 

SROINT.= 1.32 «4 « дтн e aĝa u 
800 L.P. = .88 « « 






4.99—.66 . 
4.99 





DIAGRAM FACTOR CONSIDERING DROP ONLY = .87 





т0с 






i+ HYP. 106 150 = 3.176 494.8? €i 


2 X3. 
МЕР = зоо хэт) о - 26.8 LBS. 





600 








Н.Р = 
157 INT.- 1, 
CYLINDER RATIO 4. 2"? INT.» Z, 
SRO INT.=2,= 2 
445.7 L.P =,= 90. 





2.76 
6.8 
5:7 


K n 








400 400 
DIMENSIONS FOR 100 H.P. SINGLE ACTING ENGINE (1,000 В.РМ.) 
" 2 10 x 4 
gon DIAM. 3" STROKE L.P. CYL: ватри ње 15.26 iis. a 


CYLINDER AREA 

























| 236 
ње — [SINT — 2NO INT, = SROINT.  L.P. 
20 200 
07 2.234 6.17 15.19 57.41 201.6 
o 
164 365.6 CYLINDER DIAMETER 
(8 IN. STROKE) 
100 IDA 2% ам 8% 16 1. оо 
o 297.52 " < 64.5 
47 Ki T R ___ e CSS я 
10 DES те НИИ} | 1.2. 
e Н ZERO LINE 198.6° J 
150 EXPANSIONS: 1.8. BACK PRESSURE (27,88" VACUUM) ilE EXPANSIONS 


Fic 105 —Diagrams illustrating quintuple or five stage expansion at initial pressures.of 
1,000 and 1,500 Ibs. absolute. The calculations are for the diagram at the right for 1,500 lbs., 
150 expansions, and indicate the cylinder ratio and cylinder dimensions for 100 horse power 
single acting engine suitable for a high speed boat. Ina Proposition of this kind the aim should 
be to obtain equal temperature ranges rather than equal powers for each cylinder, because the 
main object sought is to reduce the steam consumption to a minimum for the given initial 
pressure and expansion ratio, in order to reduce the size of the boiler and thus develop the 
given power with the least weight possible. With proper construction 100° to 150° of зирег- 
heat could be used, and the net weight per A.P. probably further reduced by means of reheat» 
ing receivers between the 2nd int and l.p. cylinders, 
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for the service required. For 140 revolutions per minute a stroke of 3 feet 
will give a piston speed of 
2X3 X140 =840 ft. 
which represents a medium speed and may be adopted, assuming that this 
will give a k. p. cylinder diam. somewhat less than the stroke. 
High Pressure Cylinder ў 
М.Е. Р. (аѕіп йр, 104 } =80 105, 


FROM. STARBOARD. ENGINE: FROM^PORT ENGINE. 
H.P. - 380.7 |.H.P N H.P- 385.5 .H:P. 


Y ^ wEPR-608L85. ^ /.. M.£/P.- 60.8 LBS. “~ 
N SPRING NO BO ју: SPRING N* BO i 
М N 


= 


IB EE TITEL 


b 
р > oe ~ 


M,E.P = 27,2 LBS. 
SP531NG N9? 40 


жил АГ. И a 


ла 
NS Ec HP [x 


> a на 





Fics. 106 to 111.—Indicator cards fron: the triple expansion enginesof the twin screw steamer 
Monmouth, C. R. R. of N. J. (Sandy Hook Route), size of engme 19}<”, 30”, and 50” by 30” 
stroke. Cards taken during a speed trial at Delaware Breakwater. Length of course 1.261 
nautical miles. The data is as follows: 








Starboard Engine Steam Pressures 
Total Time Speed | Speed 





Steam 




















15% 2nd : 1. Н.Р.] over XN in 
Boiler |receiver| receiver| Vacuum | R-P.M. | 1. H: P. jJ course knots || miles 
155 55 7 26 142 1,126.1 
Port Engine 2,237.6! 3-58 19.07 22 
56 | 5 | 26 | 143 | 1,111.5 








n 
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997 x 33,000 


e 
arca piston =— 30x840 


=489.59, say 490 sq. ins. 


490 
diameter corresponding = у =24.98, say 25 ins. 


Intermediate Pressure Cylinder 


997 X33,000 


area piston = 2—5 —. 
31.1840 


= 1,259.2, say 1,260 sq. ins. 


1,260 ‘ 
diameter corresponding = 2250 =40.1, say 40 ins. 


` Low Pressure Cylinder 


5 1,006 х 33,000 

area piston —95х840 
6 3 4.391 . 

diameter corresponding = Y 7354 — 74.76, say 7434 415. 


=4,391 sq. ins. 





Steam Turbines 


Effect of Vacuum.—The steam consumption varies greatly 
with the degree of vacuum. 


For high pressure units there is a decrease in steam consumption of 
about 5% for each inch of vacuum secured between 24 and 27 in. vacuum, 
a saving of 6 to 7% between 27 and 28 in. and of 7 to 8% between 28 and 
29 in. 

For low pressure units the gain due to increase of vacuum is greater. 


If the velocity of the steam as it leaves the last rotating buckets reaches 
the velocity of about 1,400 ft. per sec., further increase of vacuum has 
no effect on the steam economy. 


eS a вајн 
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Effect of Superheat.—Turbines have been designed for tem- 
peratures as high as 800° Fahr. 


High temperature steam should be kept away from the wheel casing 
and turbine blading on account of its destructive effect on cast iron and 


other metals, and also because the great expansion interferes with small 
clearances. 


NN = == —— 


Velocity of the Steam.—The formula is 


_ WV 
Se оон ее и tee (I) 


in which 
S =velocity of the steam in ft. per sec.; 


W =weight of steam per second to be passed throngh the turbine to 
generate the required power; Е 


У =cu. ft. of steam per lb.; 
A =net cross sectional area of passage in sq. ft. 


Example.—A 1000 h.p. turbine using 18 lbs. of steam per hour per 
horse power has a net annular steam space between the blades of 50 sq. ins. 
at a point where the steam passes the cross section at a pressure of 60 lbs. 
per sq. in. Find the velocity of the steam in the direction of the axis of 
the turbine in order to pass the weight of steam required. (Specific volume 
of steam at 60 Ibs. absolute pressure 27 cu. ft, per .). 


Substituting in formula (I), 


1000 x18 x7 x 144 


$= 60x 60 x 50 


= 100.8 ft. per sec. 


To maintain this velocity approximately constant throughout the whole 
range of guide and wheel blades, there must be an approximately constant. 
ratio between the volume of the steam at any given cross section at which 
the pressure is known and the cross sectional area of the passage through 
which the steam at the given pressure is passing. 
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Internal Combustion Engines 


Efficiency.—The working cycles of practicable heat engines 
are always imperfect, that is, the operations are such that. 
although perfectly carried out, the maximum efficiency possible 
could not be attained by them. The formula for efficiency is 


in which 
E =efficiency; 
Т, = аџап су of heat given to an engine; 
'Ti-quantity of heat discharged by the engine after performing work. 
Exarple.—What is the theoretical thermal тшеп of a gas engine 


сы Зн 5 the initial temperature is 2,800° and the final temperature. 80° 


In: the case of the gas engine, the initial temperature means the ex- 
poen temperature, and the final temperature, that of the exhaust. 
educing the given values to the absolute scale. 


T" —2,800--459.6 =3,259.6° 
T’= 80+459.6= 539.6° 
substituting in (1) 
_ 3,259.6—539.6 


Theoretical thermal efficiency -— 33596 . —83.5 per cent. 


From the equation (1) evidently efficiency is expressed by a 
fraction whose numerator is the energy utilized and whose 
denominator is the total available energy. When this is ex- 
pressed in symbols for a given weight W, and a given value for 
the specific heat C, it takes the form 


Efficiency - E aanne 
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because the engine rejects at the exhaust an energy WCT, and 
can therefore only have utilized the difference between the 
energy at the beginning and at the end of the stroke. 

Eliminating the common factors for the weight and specific 
heat, the equation appears, 


Efficiency = еш 


This is an expression for the efficiency of a heat engine first deduced by 
Carnot, and is the expression for the best result theoretically obtainable 
from an engine operating between the two temperatures T, and T:. To 
have it apply to the gas engine, the temperature Tı, which is the maximum 
of the Carnot cycle, must become the temperature at the end of the com- 
pression phase. It emphasizes the fact that the efficiency increases as 
it is possible to increase the amount of energy in the gas at its initial stage, 
and that the efficiency can never reach unity unless T; becomes zero on the 
absolute scale. 





Losses.—The principal sources of loss in the operation of a 
gas engine are: 


Radiation, circulating water, exhaust, and friction. 


Some idea of the distribution of these losses is afforded by the following 
table, which shows the disposition of 100 heat units absorbed by the working 
Substance of a four cycle engine. 


Heat lost by гайїаЧоп апа сопацсйоп........................ 11 
Heat lost to cylinder walls.......... eese eeelle 53 
Heatlostin exhaust gases......... cesse eee eee eher 14 
Heat converted into mechanical energy ...... eee een 22 

100 


The actual thermal efficiency in this case is 22 per cent. 
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Example.—lf an engine have 33 per cent clearance space, and the 
charge be admitted at 13 Ibs. absolute pressure, and 90° Fahr., what is the 
final pressure and temperature of compression under the usual: working 


conditions? 


The accompanying table has been prepared for determining the com- 
pression pressure and temperatures which usually occur in gas-engines. 


Table of Pressure and Temperature and Coefficients 


(Compression) 





© 
“ 


4.407 
4.506 
4.606 
4.707 
4.808 

. 4910 
5.011 
5.115 
5.217 
5.322 
5.462 
5.531 
5.637 
5.742 


5.956 
6.064 
6.171 
6.280 


PHAR RWW NERO 
при ово" 


92 бо 9a go go go ga go to pa ge go pa oo ©з pa ee оо фо 
сл 


ф 0000 544 


146.89 
147.74 
148.58 
149.42 
150.25 
151.06 
151.87 
152.67 
153.47 
154.25 


‚ 155.03 


155.80 
156.57 
157.32 
158.08 
158.82 
159.56 
160.29 
161.02 





4. 
4.1 
4.2 
4.3 
4.4 
4.5 
4.6 
4.7 
4.8 
4.9 
5. 

5.1 
5.2 
5.3 
5.4 
5.5 
5.6 
5.8 
6. 


6.498 
6.718 
6.940 
7.164 
7.390 


: 7.618 


7.847 
8.078 
8.311 
8.546 
8.783 
9.020 
9.260 
9.501 
9.744 
9.988 
10.234 
10.730 
11.233 





162.45 
163.86 
165.25 
166.62 
167.96 
169.29 
170.59 
171.88 
173.17 
174.40 
175.64 
176.87 
178.07 
179.26 
180.44 
181.60 
182.75 
185.01 
187.22 


These pressures and temperatures are obtained by means of the table 


as follows: 


Final compression pressure =initial pressure xP 


Final compression temperature =intial temperature abs, X 


In these two formulz: 


P — pressure factor for the given ratio of compression C; 


T 
100 (2) 


T =temperature factor for the given ratio of compression С; 
For a clearance space of 334 per cent of the piston displacement the 


compression ratio, C, is: 
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1+33}¢ _ 4. 
З 3314 } 
.the pressure factor corresponding-to C=4, from table is given as 6.498. 
Substituting these values in (1) 
Final compression pressure=13 X6.498 = 8414 Ibs, 
Similarly, substituting in (2), 
162.45 _ 8939 


Final compression temperature = (90-++459.6) атте 





The accompanying table has been prepared for obtaining the usual pres: 
sures and temperatures of exhaust corresponding to various degrees of 
expansion. 


Table of Pressure and Temperature Coefficients 








(Terminal) 
E Р. т Е Р т 

3. 23.975 719.22 4. 16.494 659.75 
3.05 28.464 715.66 41 15.978 654.88 
3.1 22.973 712.18 4.2 15.480 650.17 
3.15 22.5 708.75 4.3 15.014 645.55 
3.2 22.045 705.43 44 14.572 641.16 
3.25 21.605 702.15 4.5 14.152 639.85 
3.3 21.180 698.95 4.6 13.745 632.66 
3.35 20.770 695.80 4.7 13.874 628.60 
3.4 20.374 692.72 48 18.018 624.63 
3.45 19:991 689.68 4.9 12.869 620.8 

3.5 19.621 686.72 5. 12.340 617.03 
3.55 19.262 683.80 5.1 12.027 613.37 
3.6 18.915 680.94 5.2 11.727 609.81 
3.65 18.580 678.14 5.3 11,440 606.34 
3.7 18.253 675.36 5.4 11.166 602.95 
3.75 17.937 672.66 5.5 10.903 599.64 
3.8 17.631 669.99 5.6 10.650 596.41 
3.85 17.334 067.36 5.8 10.175 590.15 
8.9 6. 9.737 584.19 


17.046 664.79 





To ascertain the exhaust pressure corresponding to a given explosion 
pressure, the given explosion pressure is multiplied by the number in the 
column marked P, opposite the number in the column marked E corre- 
DA) to the given expansion ratioj and the product divided by 100. 

he result is the absolute exhaust pressure required. 
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Example.—lIf the explosion pressure be 225 lbs.,, and the expansion 
ratio 3.8, what is the possible exhaust pressure? 


Applying the rule to the table 


Probable exhaust pressure = (225+-14.7) X17.631 =42.3 Ibs. absolute 
100 


or 42.3 —14.7 =27.6 lbs. gauge pressure. 


To ascertain the exhaust temperature corresponding to a p ‘explosion 

temperature, the given explosion temperature is multiplied by the number 

in the column marked T, opposite the number in the column ‘marked E, 

corresponding to the given expansion ratio, and the product divided by 
000. 


Fuel Oils 


Gravity of Oils.—The gravity of oils should be taken at a 
temperature of 60° Fahr. 


A rough rule for determining the gravity at any other tempera- 

ture is: For every 10° Fahr. above 60°, subtract one degree from the 

Baume reading, and for every 10° below 60°, add one degree. 
Example.—If the hydrometer indicate a gravity of 27.5? B. and the 


temperature of the oil for this reading be 75? Fahr., the temperature then. 
is 15° above 60°, and the correct gravity is у 


15 
27.5° — — = 269 В. 
10 26°В 
In case the hydrometer indicate a gravity of 24? B. at a temperat 
of 40? Fahr. , Then the correct gravity will'be s 


60—40 
S = 2 o T 
24 4- 10 6° B 


a 
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Formula for reducing Baumé reading (liquids lighter than water) to 
specific gravity: 


d 
, Specific gravity ^ i35 E degrees Baumé 
Thus: 
gravity Baumé=26 at 60° F. 
or 
7 ~ wa LAOS 
specific gravity = 155 4-26 897 


Diesel Engines 


Diesel Cycle.—In the pressure volume diagram, fig. 112, 
assume the piston to be at its extreme outward position of travel, 
point 1, and the space between the piston and the'cylirider head 
is filled with air at the pressure and temperature indicated by 
point 1. The air is compressed adiabatically until point 2 is 
reached. ; 

. Point 2 is at the end of the stroke and the compression has 
increased the pressure until it reaches the value indicated by 
point 2. 

The piston now starts to move in the reverse direction and 
heat is added at a rate such that the pressure of the air behind 
the piston remains constant. This heat addition continues 
until point 3 is reached. Although the pressure has remained 





Mechanical Calculations 175 


constant during the addition of heat, the temperature at point 3 
is higher than that at point 2. 

From 3 to 4 the piston is forced out by the expansion of the air 
behind it. This expansion takes place adiabatically and the 
internal energy is converted into work. The pressure and 
temperature drop to the values indicated by point 4. 


e 
Te але" 
УЗИ ЗАЯ 


Ty: 3390° [вл 5 | 










Erriciency = 17 umm 


Constant Pressure A i 1133-519 
* Vii [5390-442 


» 5587, 


PRESSURE 


ApvlapaTtic EXPANSION 


CONSTANT VOLUME 


R= 414° 
47° may 
Бато Conpression J 7h pug. 


VOLUME т 


Compression Raro IZ tot 


Fic. 112.—Diesel theoretical pressure volume diagram 


Point 4 is at the extreme end of the stroke and with the piston 
fixed at this point sufficient heat is absorbed to bring the air 
back to its initial pressure and temperature. This completes 
the cycle. 


Етап Шах eu LAN T TEE (1) 
„in which CTT 
C, =specific heat at constant volume. 
C, — specific heat at constant pressure. 
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The relationship between the specific heat at constant pressure and the 
specific heat at constant volume is usually called r. 


Substituting r for C , — C , equation (1) becomes 


ED ЕЕ 
T 







Е :1- Ts -Т, 
FFICIENCY Ts Te +Т Т-ТУ) 


ш 

а CONSTANT PRESSURE v 1751-519 

Я 2568 1117 «1412390 -2568) 
tu 6 = 5267. 





; Aviapatic Expansion 
f: 206 2 
Tenn 













i CONSTANT VOLUME 
I В,.503* 
i 5 т,:1757° 
Tie ConPRESSION 
8 1 





18:82. 
с 





VoLUME 
Cortpression Ratio 6Stol 
Fic. 113.—Semi-Diesel theoretical pressure volume diagram. 


Semi-Diesel Engines 


The Semi-Diesel Cycle.—In the pressure volume diagram 
assume the piston to be at point 1 and the cylinder filled with air. 


This air is compressed adiabatically until point 2 is reached. 
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From 2 to 3 heat is added, while the volume remains constant,and from 3 
to 4 heat is added with the pressure remaining constant. 


From 4 to 5 the air expands adiabatically and converts internal energy into 
work and from 5 to 1 heat is absorbed from the air with the volume remain- 
ing constant. 


; Ts-Ti 
Efficiency = 1 неее нь. 3 
У. Та—Т;+7 (Т,— Та) i 





Horse Power 


Internal Combustion Engine Horse Power.—The short for- 
mula for indicated horse power of a steam engine is 


hip ОР ое (1) 


In the steam engine there are two power strokes per revolution, but only 
one power stroke every two revolutions in a four cycle engine and one 
power stroke per revolution for a two cycle engine. 


Accordingly, formula (1) becomes 
1. For four cycle engine 
horse power = .000001D*LNP 


2. For a two cycle engine 


horse power = .000002D*LNP 





t 
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Refrigeration 


The following tables will be found useful in refrigeration 
calculations. 


Absolute Pressure Exerted by Various Refrigerants 
at Different Temperatures 

















Anhy Ethyl Carbon Su!phur 

Ammonia. Chloride. Dioxide. Dioxide. 
30.8 41 10.3 
34.2 47 119 
38.3 5.4 13 4 
42.9 6.1 15 3 
48.0 6.9 171 
53 4 7.8 19.4 
59.4 87 21.6 
659 97 5 243 
73.0 108 565 2 27 0 
80.7 12.0 607 2 30 1 
89.0 133 650 0 33 4 
97.9 14.8 696 7 37 0 
107.6 16.3 745.0 410 
118 1 18 0 795 5 45.2 
129.2 ' 19.9 849 3 49.7 
141 2 22.0 906.5 54 6 
154 1 24 2 967.0 ` 590 

Vacuum and Corresponding Brine Temperatures 
Ф ; 
Approximate Approximate | 
Inches temperature Inches temperature 
vacuum of outgoing vacuum of outgoing 

brine brine 
а. ее 4° dA te е . 31° 
ОТТИ 8° ТЗТ Е кош у. Э 
20 ЕИ 12° 127 Е Еее я 
ТОО 16° СА 39° 
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The amount of ammonia ordinarily taken to charge a com- 


pression plant is: 


Tons of ice per 24 hours : 


5 IO 15 25 50 тоо 
Pounds ammonia : 
100 250 500 1000 2000 4000 


TABLE OF HEAT VALUES AND BOILING POINT. 











Воилме LATENT 
SUBSTANCE PoINT Hui | ers a 
Decrees F.| B. T. U. = 
Water os Ue US ere stole eee eitis 212.0 966.0 1.00 
Sulphur Dioxide ..... Vere Het qe aM 14.0 168.7 0.41 
Е ed NES —10.0 —— —— 
Апһуйгоиз Аттопа............... —28.5. 573.0 1.0058 
Carbon Гложде................ +... — 109.0 141.9 0.955 


Specific and Latent Heat of Various Food Products 


Composition 


Substance 


Below 
Freezing in 
in Heat 


Heat Units 


= 
в 
Б 
" 

Specific Heat 
Ee Above 
Freezing in 
Heat Units 

Specific Heat 

Latent Heat 
of Freezing 


BSBBBEERERSESENC 
e 


blewathasaseses 


72.00 
51.00 
63.00 
39.00 
70.00 
74.00 
91.00 
83.00 
87.50 
80.38 
78.00 
62.07 
76.62 
72.40 
73.70 


SNBSESEHOESEUSN 
ERRBSBBESSBSSSSS 


Chicken 





Thé figures in the last column showing the latent heat of freezing, bave been 
obtained by multiplying the latent heat of freezing water, which is 142 heat units, by the 
per cent. of water contained in the different materials considered, for as the solid constitu- 
ents remain in their original condition, only the liquid or watery portion of these materials 
are converned in the solidification or freezing of them. 
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Working Pressure of Ethyl Chloride 


Gauge . Approximate temperature 

pressure of outgoing condensing 
Ibs. water 
ТОН МР o ea a ea E TTE 60° 
ое 71° 
О ОЕ 81° 
Zorn а И АН И А ETE 91° 
Ore tere EU E О E 96? 
О n E NU PU NE EA 106? 


Compressor.—A rule of thumb method of calculating the 
size of compressor required is to assume that a certain number of 
cubic inches of displacement per minute is equivalent to a ton 
of duty per 24 hours and to allow for ice making from 12,000 
to 14,000 cu. ins. displacement per ton, and for refrigerating 
from 7,000 to 8,000 cu. ins. 





Condensers.—The ordinary allowance for cooling surface is 
24 sq. ft. per ton of refrigerating capacity, when operating with 
a cooling water temperature of from 58° to 70° Fahr., which is 
equivalent to approximately 38 lineal feet 2-inch pipe per ton 
of duty. 


As the temperature of water.is never the same in any two 
plants the amount of piping in the atmospheric condenser must 
be proportioned to suit the local conditions. ‘The following table 
applies to atmospheric condensers, giving feet per ton capacity. 


. TABLE. 
For water tinch 1% inch 114 inch 2 inch 
at Deg. F. pipe. pipe. pipe. pipe. 
50 6o feet :50 feet 40 feet 31 feet 
55 65 feet 55 feet 45 feet 33 feet 


60 75 feet 60 feet 50 feet 36 feet 
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TABLE— Continued 


65 80 feet 65 feet 55 feet 40 feet 
70 85 feet 70 feet Go feet 43 feet 
75 92 feet 76 feet, 67 feet 46 feet 
80 98 feet 82 feet 73 feet 50 feet 


The amount of water required per minute per ton of refrig- 
eration for atmospheric condensers is 


TABLE. 
At 50 degrees F. allow 14 gallon per minute 
At 55 degrees F. allow 5% gallon per minute 
: At 60 degrees F. allow 3€ gallon per minute 
At 65 degrees F. allow Zé gallon per minute 
At 70 degrees F. allow 1 gallon per minute 
At 75 degrees F. allow 174 gallon per minute 
At 80 degrees F. allow 114 gallon per minute 


These quantities are based on water leaving the condenser 
at 95 degrees F. 

To find the amount of water required per day multiply the 
amount given for the temperature of the water by minutes in a 
day of 24 hours and by the number of tons refrigeration required. 


Brine.—The strength of brine solution generally used is from 
40 to 90° salinometer. The following table gives strength of the 
brine for various readings of the salinometer. 

In a salt brine circulation system one running foot of two 
inch pipe will take care of forty feet of space if it is to be main- 
tained at 32? Fahr. . 


On a still more liberal basis it is frequently assumed that one ton of 
refrigerating capacity will take care of 4500 cu. ft. of cold storage space 
from 32 to 35 degrees Fahr., and that from 200 to 250 feet of 114 inch 
pipe should be used for that purpose. 
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DEGREES ON POUNDS SALT FREEZING POINT 
SALOMETER. PER GALLON. DEGREES FAHR. 
о 
0.105 
0.212 


0.321 
0.433 
0.548 
0.664 


0.78 

0.897 
1.019 
1.142 
1.265 
1.389 
1.522 


соз озю юр юнь AKO AW 





Freezing. Mixtures 


= 











Reduction of | amount 
Temperature in 





COMPOSITION OF FREEZING MIXTURES Deg. Fahr. 2 
Fat in 
iN. PARIS BY WEIGHT [ET De 
From | То | РЕЙ! 
Snow 2 parts; common salt 1 part......-sssssecsessesseedéiersseeeseree —5 


Snow 5; common salt 2; ammonium chloride 1 . 
Srow'14: common sak 10; ammonium chloride 5; potassium 

PTT ERR serereeneee ЕАО —18 
Snow 12; commoa salt 5: ammonium nitrate 5, 
Ammonium chleride 5; potassium nitrate 5; water 16. 50 
Ammonium nitrate 1; water 1.4...» eee eene nennen tta he tton . 50 | + 4 | 46 


Ammonium chloride 5; potassium nitrate 5; sodium sulphate 8; 
POTETE ненане 450 | + 4| 46 
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Freezing Mixtures 
Continued. 








Reduction of | Amount 
Temperature in of 


Composition or Freezing Mixtures Deg. Fahr. | Баја 


IN PARTS BY WEIGHT — руе 
From | то Fahr. 











Ammonium chloride 5; рат Nitrate 5; sodium sulphate 8; 













Sodium sulphate 5; dilute DNI acid 4. 47 
Sodium sulphate 8; hydrochioric acid 9 .. S 50 
Sodium nitrate 3; dilute nitric асіа 2..................... Lees 30558 
Ammonium nitrate 1; sodium carbonate 1; water 1............ +50 | — 7 | ' 57 
Sodium sulphate 6; ammonium chloride 4; peer е 2 

Сас еее +50] —i0} 60 
Snow 8; dilute sulphuric acid 3; dilute nitric acid 3............ „| —10] —5 | 46 
Sodium sulphate 6; ammonium nitrate 5; dilute nitric acid 4.....] +50 | —14 | 64 
Snow J; COMMON Salt 1........cccscelecccssccscerescceccserscsscersceenoee +32 0] 32 
Snow 3; dilute sulphuric acid 2. 32 | —23 | 55 
‘Snow 3; hydrochloric acid 5. “32 | 27 | 59 















Snow 7; dilute nitric acid 4. 62 
Snow 4; calcium chloride 5 72 
Snow 8; calcium chloride 5 1572 
Snow 2; calcium chloride, Crystulized 3 20 82 
"Show 3; potassium 4. И a A i 83 
in the Following l'lixtures Materials Must be Previously Cooled: 
Snow 3; calcium chloride 4.........sccccccssssesssesscsssstsscarsrereeee +20} —4] 24 
Sodium phosphate 5; ammonium nitrate 3; dilute nitric-acid 4.. O | —34 | 34 
Овоз Ое ПИО АСА еса ое а 0 | —46 | 46 
Snow 1; calcium chloride, crystalized 2........ 0| —65] 66. 
Snow 2; dilute sulphuric acid 1; dilute nitric acid 1. ..| —10 | —56 | 46, 
Sodium phosphate 9; dilute nitric acid 4.........ccccsesescccccassessece +50 | —12 | 62 
Snow 2; calcium chloride 3............. А ТЕО —15 | —68 | 53, 
Snow 12; common salt 5; ammonium nitrate 5 —18 | —25 7 
Snow 1; dilute sulphuric acid 1 40. 
Sodium Phosphate 3: ammonium nitrate 2; dilute mized acid .| —34 | —50 | 16 
Snow 1; calcium chloride 3.......... MUT 33 
Snow 2; calcium chloride, erystalized 3. | 3 
Snow 8; dilute sulphuric acid 10....... : :28 
А : : 


When no snow is to be had, finely crushed or grated ice will answer. 
Dilute acid is 1 part strong commercial acid and 9 parts water. 


` 


шск —————— 


184 


Mechanical Calculations 


HORSE POWER REQUIRED TO PRODUCE ONE TON 





REFRIGERATOR -PRESSURE AND TEM Р. 


Articles 


Fruit 


Apples . 
Bananas .. о. 
Berries, fresh . 
Cranberries . 
Cantaloupes . 
Dates, figs, etc. 
Fruits, dried . 
Grapes . >» 
Lemons . . 
Oranges . · 
Peaches ^ + 
Pears, watermelons 


Meats 


Brind . >» 
Beet, fresh . 
Beof, dried . 
Calves. > 
Hams, rids, shoul- 
H ders (not brined) 
068. . e > 
ага. + 
Livers, >» 
Sheep, lambs 
ox tais a 
usage casings 
Tenderloin, butts, 
etc. 


—— Сан 


OF REFRIGERATION. 





CONDENSER PRESSURE AND TEMPERATURE. 


Articles 


Fish 
Fresh fish x 
Dried fish we 
Oystersin shell « 
Oysters in tubs . 


Canned Goods 


Sardines . . • 
Fruits кз М 
Мез  . © 


Butter, Eggs, etc. 


Butter . 
Butterine . 
Cheese . 

Eggs n • 
Liquids 
Beer, ale, porter, etc. 
Cider. s . 5. 


Ginger alo # 
. Winer 2/031 (s. 


Flour and Meal |, 


Buckwheat flour 
Corn meat . 
Oatmeal . . 
Wheat flour . 





1.6090 
4.5458 
1,4352 


1.3209 
1.2004 
1, 1388 | 


1.0595 


.9943 
9031 


.8289 
7590 
‚7009 


Articles 


Vegetables 


Asparagus 
Cabbage . 
Carrots . 
Celer. » 
Dried beans 
Dried corri 
Dried peas 
Onions  . 
Parsnips » 
Potatoes . 
Sauerkraut 


eso doct n 


"Miscellaneous 


Cigars, tobacco 
Furs, woolens, etc. 
Honey DN VENE 
Hops. . . . 
Maple syrup, sugat 
Oils . - «+, A 
Poultry ,dressed,iced 
Poultry, dry. picked 
Poultry, scalded | 
Game, to freeze  . 
Game, after frozen 
Poultry, to freeze . 
Poultry,after frozen 
Nuts in shells., >» 
Chestnuts. . > 
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Carpentry 


Nails.—The raw material of the modern wire nail factory is 
hand drawn wire in bundles, just as it comes from the wire draw- 
ing block. 


One explanation for the penny system is that one thousand ten penny 
nails weigh ten pounds. The most generally used nails are called common 
nails, and are regularly made in sizes from 1 in. (2d) to 6 in. (60d) ac- 
cording to the following table:— 


Common Nails 


























‘COATED 
> Approxi- No. of Net 
Size | Length | Gauge | mate No. | Length | Gauge | Nails in Wet. 
Ins. No. | toLb. · Хо. Keg Lbs. 





16 85,700 79 
154% | 54,300 64 
14 29,800 61 
13% | 25,500 70 
13 17,900 65 
124 15,300 72 
10,100 71 
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Holding Power of Nails, and Spikes 


(Values given are in Ibs. per in. of penetration) 
Cut.Nails |. i Num 





Parallel to grain . Cross grain 
Size E 


Yellow | White | White | Yellow | White | White 
Pine Pine Oak Pine Pine Oak 











64d ..... INT BOE Ек seal ees 154 77 317 
О 
8 206 89 520 327 211 630 
104 222 108 580 324 181 650 
20d- АЕ 320 148 692 407 298 800 
504 439 170 820 570 316 991 
60d. SNR 445 200 950 639 324 1,040 
p i Wire Nails 
Parallel : 
: Cross grain 
Size to grain 





White | Cedar | White | Yelow | White 
Pine (dry) Oak | Pine | Pine 





———————  —————— 














ба: SOP en 129 108 60 
Лоа ee 50 ШЫ у 390 132 70 
60d em оное нова оао о R 731 A652 loess 
SB А CE EE 370 283 1,188 590 450 
Не. о ettet ов 436 











^ 
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Spikes.—A spike is a stout piece of metal from 3 to 12 ins. in 
length and thicker in proportion than a common nail. Spikes are 
made in sizes from 3 to 12 ins., according to the following table: 


Ordinary Spikes 





Gauge | Deg. of | Diam. | Head | Approximate 





Size Length No. Counter- | Head | Rad. (No. to Pound 
sunk (oval) 
10g И 3 in 6 123 о % 41 
124 3K “ Ca P ne [eei Я 38 
Та verre. зи“ 5 123 % % 30 
204.. 4 : 4 123 Ба 76 . 23 
бои. 4%" 3 123 Y |l 17 
404 reas SE 2 123 1; Us 13 
504 КЕ: | 9" ТИБ РИТЕ er [ers eee 10 
СОТ knee E s ES 1 123 - % % 9 
Tinche 7 “ | апо 123 % % 7 
а б АЦЕ 123 м X 4 
ORUM oe d E Be es omaes exscr Peto 314 
ПОКУ ПОИ Ее вре bore ev. 3 
ТАЕ Па У УМНС Й И 2% 


Holding Power of Nails.—Tests show the holding power of 
nails according to the table on page 186: 


Nail Table 


For 1,000 shingles, allow 5 Ib. four penny nails or 314 Ib. three penny. 
^ 1,000 laths, 7 Ib. three penny fine, or for 100 sq. yd. of lathing, 10 Ib. 
three penny fine. 

** 1,000 sq. ft. of beveled siding, 18 Ib. six penny. 

** 1,000 sq. ft. of sheathing, 20 Ib. eight penny or 25 Ib. ten penny. 

** 1,000 sq. ft. of flooring, 30 Ib. eight penny or 40 Ib. ten penny., 
1,000 sq. ft. of studding, 15 Ib. ten penny and 5 lb. twenty penny. 
** 1,000 sq. ft. of 1 by 214 in furring, 12 in centers, 91b. eight penny 

or 14 Ib. ten penny. 
1,000 sq. ft. of 1 by 234 in furring, 16 in centers, 7 lb. eight penny.oy 
7 1015. ten penny. i 
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Screws.—A wood screw is a screw nail, having a right handed 
coarse thread to give a good grip, a gimlet point to enter the wood 
and a slotted head for the reception of a screw driver. 


The following table gives the standard proportions. 


Standard Wood Screw Proportions 
(Asa S. Cook Co.) 








`8 Dd S ad 
H Авс Др age = 4А |зв |с |р [а a8 
2 Sera SER 




























о . 0.057 зо || r3 |o.4427,0.1286|o.055|0.2289]1£ 
Т тШ © l5. 0710 28 14 o.4799lo.1362 0.057|0. 2421 |10 
2 |о.1631|[0.0454!0. 030ј0. 0841 | 26 15 |0,5053[0. 1437 |0. 05910. 2552] 9.5 
3 |0.1894|0.0530/0.022|0.0975| 24 16 0.5316]0. 15130. 061 [0. 2684| 9 
4 |0.2158|0.0605 [0.034]0. 1105] 22 17 lo- 5579,0. 1589 0.064|o. 2815| 8.5. 
5 |o.2421[o.0681|0.036/0.12356| 20 18 10. 58420. 1665|0.066/0.2947| 8 
6 |o.2684|o.0757|0.039/0.1368, 18 20 |0.6368!0. 1816/0.070/0. 3210] 7.5 
7? |o.2947]0.0832|o.041/0.1500| 17 22 |о.6895 о.19670.075[0.3474| 7.5 
8 |o.3210/0.0908|0.043|0.1631| 15 24 0.74210. 2148 0.07910.3737| 7 
9 [0.3474|0.0984|0.045 |0. 1763| 14 26 |o.7421,0.1967/0.084/0.4000| 6.5 
то |0.3737|0. 1059|0. 0480. 1894| 13 28 |0.7948 0. 2118[0.088]0. 4263) 6:5 
0.2270/0.093|0.4546| 6 


11 |0.4000|0.1134|0.050 0.2026! 12.;|| 30 [0.8474 
12 0.4263 o.rar0lo.o52o.21s8| 12 Beles 











Safe Loads for Wood Screws 


(Inserted across the gráin) 





Gauge Number 





Kind of Wood So 

4 | в | 12 | 16 | 20 | 24 | 28 | 30 

Туе оак. 80 | 100 | 130 | 150 | 170 | 180 | 190 | 200 
Teen d Ne i| 70 | 90| 120 | 140 | 150 | 160 | 180 | 190 


White pine А | 250 7090 оре 140 | 150 | 160 
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Bolts.—A bolt is a pin or rod used for holding anything in its 
place, and often having a permanent head on one end. 


Properties of U.S. Standard Bolts 
(U.S. Standard Threads) 


i dinmetard Ini the table provide for a alight clearance at tha root'ol the thréad, in order to facilitate tapping and reduce tap 
fuos drin tona И fall threads are required, use tbe diameters at the root of the threads for the tap drill diameters, 


Dimensions of Nuts and Boit Heads 
JOGE 























Ars in Square Inches | Tensile 

































9.70? x 

1% 0.686 0.849 We Я 
We 9.794 9.972 и ! Ma 
395 9.903 | 1.105 Ие 1964 

и 1.01f 1:337 и у 
за 1.119 1.370 Ms "и 
тї re 1.227 1,502 я за 
то m 2.444 1.768 K. ý 
Ы 9 A 1.660 2,933 36 Из 
8 1 1.877 2.298 в. Me 
7 пи» 2.593 15 . 1 за 

1 2 agio | 4.88 и 1 
6 зи, 2.527 3.093 154 за 
6 2% 2.143 | 3 gst и THe 
s^ эме 2.960 | зубу | ти „198 
5 . a4 3.16 | 73.885 | aX 2 
$ a зе 3.393 4.154 136 па 
а . зи 3.609 | 4.419 [а IMa 
E T зи 4.043 4.949 7M % 
4 4 зи 4.476 $-479 эй име 
4 © 4M 4.959 6.010 эң 2% 
зи . 4 5.342 6.542 3 29e 
зи . $ 5.175 7.070 зи зи 
зи . $5 6.208 7.600 зи ate 
T 5% 6.641 8.231 зң [7] 

. 6% 7.074 | 8.661 | 4. зи 

D ви T.soB | 9.19: | 4M" s 
. 64 7.9431 | 9-721 44 зи» 

: TK 8.374 | 10.252 4% 3% 
s % 8.807 | 10.782 5 зи» 

ai ў 8 9.240 | 13.352 gh 4, 
x ~ 9.673 | 11,842 и 43 

25.967 8м 10.106 2.373 sx p 
28.274 9 10.539 | 12.993 6 atte 


Referring to table above find in the line for 1 in. bolt 3,300 lbs. 
corresponding to a stress on the bolt of 6,000 Ibs. per sq. in. 


Example.—What size bolt is required to support a load of 2,500 lbs. 
for a stress of 6,000 Ibs. per sq. in.? 
Area at root of thread — given load = 6,000 
— 2,500 2- 6.000 — .417 sq. in. 
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Referring to table (see page 190) in the 
column headed Area at root (or bottom) of 
thread, find .419 sq. in. nearest area; this cor- 


responds to a 7/ in. bolt. 

The ''Steel" Square.—In buying a 
framing square (erroneously called steel 
square) it is advisable to get one with 
all the markings rather than a cheap 
square with some of the scales and tables 
omitted. Thus 

Markings of Cheap Square Tables 

Rafter—Essex—brace 

Graduations 
Ув, Ув, Vs, Y, 
Complete Markings 
Rafter, Essex, brace, octagon, poly- 
gon cuts 


Ул зз ы М, Y 1o, Vs, у. 


Fics. 114 to 117.—Southington standard take-down square, 
Fig. 114, face of body; fig. 115, face of tongue; fig. 116 
back of body; fig. 117, back of tongue. In construction 
the tongue fits easily and locks with an anchored cam. 
The cam lock may be turned by a screw driver or coin. 
The long bearing joint gives maximum strength and in- 


sures the truth of the square. 


— a аш пр ДЕС 


192 Mechanical Calculations 


The accompanying table gives values for measurements on 
tongue and body of the square such that by joining the points 
corresponding to the measurements any angle may be laid out 
from 1 to 45°. 


Angle Table for Square 








· Воду | Anglé [Tongue]. Body | Angle |Tongue Body 





А | реј | m— 


121035 5.51 17.14 
2 T 5.85 16.96 
3 | 1.05 6.58 16:77 
4 | 14 6.51 16.58 
5 | 1.74 6.84 16.38 
6 | 2.09 27 16.18 
7 | 2.44 7.49 15.98 
8 | 2.178 7.8 15.76 
9 | 3.13 8.13 15.54 

3.47 8.45 15.32 

3.82 8.77 

‚4.16 9.08 

4.5 9.39 

4,84 9.7 

5.18 0. 


— 





Number 
oraides | de Pa s ө Ла КӨ нөл 12 
| па | пи | enn | ne о | па | 
Radius | 56 | 70 | | 60 | 60 | 08 | 22 | 89 | 80 | 85 
Side 97 99 | 87 60 52 75 15 95 | 46 44 





Example.—Lay off a pentagon with a side of 6 ins. Set the bevel to 
the figures in column 5, the lesser number on the tongue. In this case 
74/,=914 on the tongue, and *'/, 21076" on body of the square. Sliding 
the bevel to 6 upon the body, the length cf the radius, 5%/s2 will be read 
upon the tongue. 
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Pitch.—By definition pitch is the proportion that the rise bears 
to the whole width of the building (or the span)*. 


The pitch expressed as an equation is: 
pitch = үсе eat do aire Түү ТЕ (1) 
span 
The following pitch table will be found useful. 
Pitch Table 





Pu o en 1| зла || 4] 2, | ла | 4] У | з | М vl 5 
В 12| 12112112|12] 121121 12 | 12112] 121 12 
Ве oem 24| 22 |20|18|16| 14 | 12| 10 | 8| 6| 4j 2 








The following table gives the points on square for top and 
bottom cuts of various rafters. 


Square Points for Top and Bottom Cuts 














PITCH 1 |и/›] 5% |3/, |2/, | he | у | У | У | Vy, | "| hy 
| Common 
Tongue | Octagon 1 3 





Hip or Valley 1 7 


Body | 2 | 22 | 20 |ashis fs | x2 fo воа 
t t ^ 


*NOTE.— Where rafters rise to a deck instead of a ridge, it is necessary to subtract *he 
width of the deck from the total span. 
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Example.-—A building 24 ft. wide has a roof with a rise of 8 ft. What 
is the pitch of the roof? 


Substituting in (1) 
pitch = Yu = 4% 


Board Measure Rule.—Multiply length in ft. by width in 
ft. of the board and multiply this product by 1 for board an inch or 
less than an inch in thickness, and by the thickness in inches and 
fractions of an inch for board over 1 in. in thickness. 


TABLE 
Board Measure 


lboardl in. thick x 1 ft. wide X 1 ft. long = 1 ft. board measure (B. M.) 
i board 2 in, thick x 1 ft. wide x 1 ft. !ong = 2 ft. board measure 
l board in. thick X 1 ft. wide X 1 ft. long = 1 ft. board measure 

etc. 


Example.—How many feet board measure (B. M.) in a board 12 ft 
long by 18 ins. wide by V4 in. thick?; by 134 in. thick? 


18 іпѕ. = 18 + 12 - 114 ft. 


board gin. thick = 12 x 14% X 1= 18 ft. В. м. 
board 134 in. thick = 12 x 174 x 1% 
= 12 x 1.5 X 1.75 = 31.5 ft. B. M. 
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Strength of Timbers.—The various mechanical properties of 
woods have been détermined by many tests. 


The following working stresses and loads from the New York 
Building Code will indicate limits of stress to which wood should 
be subjected in proportioning the parts. 


Working Stresses for Timbers . 
(15$. рег за, in. of cross section) 













Compression 
Tension |— 

with across 

grain grain 
Ci ро Е е 1,200 | 1,400 | 1,000 
Yellow pine, long leaf................. 1,200 1,600 1,600 
Spruce and Douglas fir............... ; 800 1,200 " 800 
Douglas ть MEE 800 da 
White pine, short leaf yellow pine, N. C: 

pineandifr. v ET 1,000 800 

White;pine:c cee е: | 
Е EE ` 1,200 1,000 
Hemlock oa e e a e E ESTO: 800 : 800 





Example.—A.tank 10 ft. in diameter and 16 ft. high is to be supported 
by four rectangular posts. Find size of these posts for a working stress of 
800 Ibs. per sq. in. neglecting weight of the structure. 


Cubic feet of water contained in the tank when full 


area bottom height) — 
2 к $ | х \ те | -1,256.6 са. ft. 


Taking weight of water at 6214 Ibs. per cu. ft., then 
weight of water = 1256.6, X 62.5 = 78,538 lbs. 
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For four posts and working stress of 800 Ibs. per sq. in: 


exc ADS 78,538 Z9 
cross area of each pos 7 1x 800 800 = 4.5 ins. 


nearest rectangular post is 4 X .6 


"Working Stresses for Columns* 
(for various length diameter ratios) 


Lbs. per sq. in. cross section. 


Length + diameter. Long leaf 





or least side yellow pine Spruce 
30 600 390 
25 700 475 
20 800 560 
5 900 645 
12 960 695 
10 1,000 730 








| The following values are given in U. S. Forestry Circular 
No. 15 for crushing strength across the grain of various timbers 
in Ibs. per sq. in. (8% deformation): 


Топриса рше desee ede Mee e A л 1,000 
5һог М еа рше E T 900 
Муре: рте то и. Aes 700 
Spruce. А 1,200 
Mhiteicedaps o coe M ыу I ыу к=з aes 700 
Douglas spruce. ............... OPES ORO BOER ONO le me 800 
White oak- r ee e a о еее ... 2,200 
Shagbark hickory- улушу а лоту: СО .. 2,700 
үе ешрш уулу: ао «21,200 
Мусе а улу. S и ... .љ» 1,900 


*NOTE.—For columns of short leaf yellow pime, N. C. pine or Douglas fir, the working 
@tresses shall not exceed % of the corresponding values given for long leaf yellow pine, foc 
Columns of white pine or fir, the working stresses shall be taken the same as for spruce; fox 
columns of white oak, the working stresses shall be taken the same as for Jong leaf yellow pine. 
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Shearing Stresses.—There are two kinds of shearing stresses 
according as the specimen is in single or double shear. 


The following table gives safe shearing stresses for timbers. 


Safe Shearing Stresses for Timbers 
(Ibs. per sq. in. of shearing surface) 








| with grain | Across grain 





n _юс—ү— 


Ор NU 200 1,000 
Yellow pine, long Іеаќ................ T 150 1,000 
Yellow рупе бол Је ла суху 150 1,000 
N.C. pine, оц ав Ату 100 1,000 
White pine, spruce and fir...... АЕ 100 500 
ПНепбск снн лыны ны, 100 600 





Shingles.—Ordinary wood shingles are furnished in random 
widths, but 1,000 shingles are equivalent to 1,000 shingles each 
4 ins. wide. Dimension shingles are sawed to a uniform width, 
being either 4, 5, or 6 ins. wide. 

The following table will be of value in estimating shingles. 


Shingle Table 


Actual number per square 





Distance [—- A : г 
laid to Plain roof ip roo: 
weather Without waste 8% waste 12% waste 
4 900 972 1008 
4% 800 864 896 
5 720 778 806 
5% 655 707 734 


600 648 672 
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Stock Shingle Sizes 











Бепо ee ee 16 18 20 24 
Thickness at butt. ........- 5% ОО % м 


Spacing of Shingles ` 





Length of shingle........ 16 18 20 24 


Exposure to weather..... 47$ 514 6% 1% 

















Space Covered ћу 1,000 Shingles 





Exposure to weather.. | 414 4% 4% 5 5% 6 


Area covered in sq. ft. | 118 125 131 138 152 166 








Nail Table.. 








Quantity 
Materials Unit nails Kind 
required 
in Ibs. 
Joists and sills.......}per 1,000 ft. B. M. 25 common 
Studding........... T NE 15 15 
Бабе s их 15 5 
Sheathing, siding.... Se D 20 с 
огпісе..... РАН * lineal feet 25. finish 
Shingling........... M (1,000) 4 common 
Bevelsiding........ 1,000 ft. B. M. 18 e 
Ceiling, wairscoting.} ее: 20 e 
Floors, pine '. ....... X ed 30 s 
Floors, hard wood... У) 30 5 
Base board......... M 12 finish 
Window trim one side 4 » 
Door trim one side. . 4 ^ 
LDatho e e e 1,000 8 commor 
pine 
Lattice for porches. . 1,000 sq. ft. 20 г“ 
Balustrade.......... * Jineal ft. 18 . casing 





m ami ter vilem ci Logis pit tu 
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Studding, Corner Posts and Plate.— Calculate total length of 
2X4 lumber required for studs, corner posts and plate. 


Count one stud under each window. 





Sheathing.—Calculate the exact surface to be covered, that is, 
calculate total surface and deduct openings for doors and windows; 
then, add 4/12 for 12” boards, !/1o for 10"' boards, V$ for 8" boards, 
еіс. 

These additions are due to the fact that on account of seasoning and 


dressing, a 12" board becomes about 11}’’, a 10” board, 954”, an 8” 
board, 734", etc. The additions specified approximately allow for waste. 





Lap Siding.—For bevel or lap siding calculate the exact surface, 
Raífters and Gables 





FounrH Рітсн = Tuin Prrca Наше Рпси 





: Length Ро. Le Meee ses 

ike of ‘Comb Comb Comb #22 

ol лес! < о 
6 4 6 3 7 0 3 3 0 18 
7 1 9 4 0 4 0 3 6 | 25 
8 6 0 4 0 8 8 4 0 32 
9 0 3 5 5 0 5 4 6 4l 
10 7 6 6]. 0 4 1 5 0 50 
12 8 0 7 2 0 6 6 0 72 
14 0 6 815 8 ито | s 
16 0 0 -9 7 4 4 8 0 128 
18 1 8. 10 | 10 0 9 9 0 i 162 
20 2 0 12| 0 8 2 0 200 
22 4 6 13 2 4 7 0 242 
24 5 0 14 |°5 0 0 0 288 
26 6 6 15 7 8 6 0 338 
28 8 0 16 10 4 11 0 392 
30 9 | 6 18 0 0 4 0 450 
82 11 0 19 2 8 9 0 512 


To the lengths of rafters above given, must be added the desired proiection for cornice.. Add 
also to make stock lengths. 

For length of rafter on one-way roofs, take the rafter given for double the width thus: The 
ага for a one-way roof on a building 10 feet wide, 4th pitch is that given for 20 feet wide or 11 feet, 
2 inches. 

In area of gable above given no allowance is made for waste or laps. 

To verify above or obtain length of rafters for buildings ot other widths than above given 
multiply the width of building by .559 for 4th pitch; by .6 for 3d pitch and by .71 for half pitch, 


200 Mechanical Calculations 


—____________________ — Ш = о ~= 


deducting for window and door openings ; this gives net surface to 
be coveréd by the siding. Now since part of each siding plank 
overlaps the adjoining plank, add 25% for 6” siding when laid 
416" to the weather; 50% for 4” siding. 


SS ааьан а 


Rafters.—The table on page 199 will be found useful in figur- 
ing rafters. 





Roof Boards.— Area to be covered =2 (length of rafter +length 
of building +2 X overhang). 





Paint.—For three coats of paint on wood one gallon of paint 
shoulda cover from 175 to 200 sq. ft., of surface. 


If dark colored paint, such as gray, tan, buff, drab, etc., be used in 
three coat work on weather boarding or matched boards, one gallon of 
paint should cover from 200 to 225 sq. ft. 





Mitring Polygonal Figures.—The following table gives square 
setting for various mitres. 


Properties of Polygons 


NUMBER AREA 
EXTERNAL|INTERNAL| MITRE 
NAME saes | SENS ANGLE | ANGLE | UNITY SIDE 


'"RIANGLE 5 | + [а | об | 6 130 | 45 | 
SQUARE р м. 39 | 90s | ts 
12 | 108 | 


5 [15% | С У ита -] 
HEXAGON 6 Da 17149 71089 ee ге lt] 
HEPTAGON | 7 | 122] 6 | 5r45. | 2657 | eam | 2.55 — 
OCTAGON 1995. РЯ | 75 |_4' у 

[22 | 9 | ао —| 140 | 10 | 98 | 
DECAGON | 99 | 3 | 36 144 e 

Кырс сс 


UNDECAGON 10% 
DUODECAGON 11 












vt 
12 
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Actuary’s Estimate Tables— To find Quantities of Lumber Required 
STUDDING on 16 inch centers. Estimate 1 to the lineal foot: This allows for doubling at openings 


JOISTS AND RAFTERS on 16 inch centers. To % of the length of the bullding add 1; thus: Fora 
building 16x32, 3% of 32=24, to which add 1, or 27, being the joists required, or the rafters for i 
side. Add 1 or 2 for each bearing partition. 

ROOFSHEVXTrHING LAIDSOLID." Fo full area of roof add 10 per cent for waste. If lald 2 inches 
apart 34 of nove will be required. 

















Count В Face То'агеа to 
ARTICLE Width Width covered 
“a 
12 inch их 1-12 
10 ~ эх 1-10 
8 1-8 
: 5 d 
AX 
| 
2M “ 2 
А 25 2 
s За 1 
| 





Drop siding, ceiling, and partition same as above. 


To area to 
ARTICLE Size be covered 

add 

== АДАД А 
Siding. beveled... а X 
- " 
с Á 
T SE 9-40 


SHINGLES 





When exposed 4 — inches to the weather require 9 to the square foot. 
« “а 5 ono " боа беш “ Add 
“ “ " “ "© gug o" е “ 1-10 for 
и 


CORNICES. Multiply the total lineal feet, by the combined width of planceer, frieze, and fascie 
thus: If the planceer is 12 inches, the frieze 8 inches, and the fascia 4 inches, the combined width 
is 24 inches or 2 feet b. m. to the lineal foot of cornice. 

CORNER BOARDS AND OUTSIDE BASE. Estimate on same plan as cornices and then add 
M if of 114 or Y if of 134 stuff. à 

BRIDGING. Muitiply the total lineal feet, measuring each string in a straight line by the following: 

For 2x6 2x8 or 2x10 on 16 inch centers by 2 


" 2x12 18 " m ou oy 
м 2x14 l6 " ша «25 
“ 2x6 and 2x8 rg DEDERE 
"^ 2x10 and 2x12 001 
~ 2x4 12" 9 29 

LATIICE 

1 {% wide multiply the area by 12 {ог the lineal feet required.: 
Lath 


Lath when iaid 34 inch apart, as'for lime, require 134 to the square Foot, or 1334 to the square 
yard to which add 4% for waste, making practically 14 to the Square yard. So to find the lath re- 
quired increase the square feet to be lathed by 34 thus: 900 equare féet require 0004-14 of 900. or 
1350 lath plus 4952:1404. j 

When laid.) inch apart, ag for cement plasters, require 7 per cent more lath.. 

‘When there are no openings add 10 per cent to amount obtained by above, 
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Mill Made Doors.—Stock sizes of doors cover a wide range 
but those most commonly used are, 
2^ 6" x6' 6" 
2: Ө x6' 8" 
2’ 10” x6’ 10” 
3! xt! 
These sizes either 134 or 134 inches thick. 





Single Inside Door Jambs.—On architects’ plans figures for 
doors are generally given so that it will be easy to get the sizes. 
For example, to measure or copy: commence by listing all the different 
widths of doors; say, 2/ 4", 2' 6", and 3' 0”. Then take the different 
heights, as, 6' 6", 6' 8", 6' 10", etc., as may be shown on plans, and make 
a list as on page 203. 
Sizes of Four Light Sash 


b 
2' 9" x 4' 10" 

















































































































2' 1" x 3à' 10" 14” X 26” 
2! 1” ЭС, 4’ 2" 14" x 28" 2 9” х 5 2” 
21" х4 6” 14" x 30" Y g xP e” 
2 1” x 4' 10” " r , ur r г 
2'1" x 5 6" 14" x 36" Y yxy ө" 
2! 1" X 5' 10" 14" "x 36" 2 9" х 6' 16" 
2° w x o 2" 14” x 40" 2 9х T g” 
2 is С ш w x 42" 2' 9" х T 6” 
i 1 14^ 44” 0 „ Р ae 
2! 5" x 4' 6" )4" X 48" 2 9” x8’ 6” 
2° 5” x 4' Y" 15" x 24" 2'11" X4' 6" 
2! 5” x 5' 2" 15” х 26” y 11” x y 10” 
.2' 5” х 5 6" 15" x 28" 211”, Х 5’ 2“ 
: 2/ 8" x 5 10" 15” X 30” 271" x5 6" 
"t9 9" x6 2" 15" x 32” 2! 1i" x 9 10" 
2'5" x6 ' 6" 15" x 34" 21" xe 20 
2' b" xX 6’ 10” 18” X 36” 211" х 6' 6" 
2' SE 7 2" 15" x 38” 2 11” x e 10" 
05" х7 6" 15” ҳ 40” 21 xT 2" 
2' 5" Х 7' 10" 15" x 42" 211" x7’ Ө" 
275" Х 8' 2” 15" x 44" 2/ 11" X ?' 10" 
209" x8' e" 15" x 46" 211" x8 2” 





211" x Bf 6” 





2'9” хХ4' 6” ЈУ x48” 
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Door Jambs 
2—6' 6" 10—6’ 10” 25—77’ . 
7—6’ 10” 5—7' 4" 15—7^ 6^ 
2' 4".10—7' 2'6".12—7' 2" 3/120—7' 8" 
15—7' 6" 9—7 6" 24—7' 10" 
9—7' 8" 6—7' 8" 


с=т= кее у Шык ушш СШ ÓO— 

Window Sash.—The list on page 202 is for four light windows, 
all 134 or 134 in. in thickness. An allowance of 5 in. in width 
and 6 in. in height is made for the outside sizes of the sash; 
which is the size of frame (between stiles, and between jamb 
and sill). 





Lath.—Wood lath are sold by the 1,000, in bundles usually 
containing 100 lath. 
Wood lath vary in dimensions, the common size being 13°34" x4’. 


This allows proper nailing to studding spaced either 12 or 16 ins. on 
centers. 





Panel Strips.—These may be had or made in a great variety 
of patterns. In stock they are usually plain, 4” x11” and 
should not be less than t” X114”; 34” x2” is better. 
OA N ey 

Matched Ceilings.—The standard (nominal) thicknesses of 
yellow pine ceiling are 34, №6, 54 and 34 in., the actual thickness 
of each being Vs in. less. 


The 24 in. ceiling is dressed one side only, the other thicknesses being 
dressed on both sides. . 








Mill Work.—There are various kinds of mills. 


They may be classed as the ordinary saw mill where the cut logs are 
sawed up into lumber of various sizes; sash and door mills, furniture, stair 
mills and various other mills specializing in some particular product. Such 
machines as band and circular saws, lathes, planers, joiners, sanders, etc., 
are to be found in nearly all mills. 
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— 








According to Dodge the approximate power required for cir- 
cular rip saws running at from 7,000 to 9,000 ft. per minute is 
(diam. saw)? 


approx. horse power — UU Уе (1) 


Example.—What is the approximate horse power required for a 50-in 
tip saw running under ordinary conditions? 


Substituting in the formula (1) 
50x50 


=62 
40 


approximate horse power = 





Of course the actual power required will depend largely: 
upon: thickness of cut; rate of feed; kind of wood and its con- 
dition; condition of saw. 


Cutting Speeds for Circular Saws 
(Speeds given in feet per minute) 


Circular rip saws for hard cutting wood...... 3,000 to 6,000 
Circular rip saws for оаК.................... 4,000 to 8,000 
Circular rip saws for soft woods............ s 6,000 to. 12,800 
Circular cross cut SAWS. ., sses... ese oee ee. 0,000 to. 6,000 


Example.—The size of tight and loose pulleys on countershaft of a cips 
cular saw is 10 in. diameter. If the countershaft speed must be 6507. p.m 
to give 3,000 r. p. m. of the saw, what diameter of line shaft pulley must be 
used for a line shaft speed of 250 r. p. m.? 

The relation is expressed in the following proportion: - 

speed of line shaft: speed of counter shaft=diameter of counter pulley: diameter of line pulley 
Substituting 250 : 650210 : x 


. solving for x 
250х = 6,500 


7-50 =26 ins. 


a. frs fu eod p ota, 
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Speed of Machines.—The following are the ordinary speeds: 


Light portable mills................. 450 to 650 r.p.m. 
High speed steam feed mills.......... 600 to 900 r.p.m. 
Small circular bench saws............ 2000 to 2500 r p.m. 


Be careful not to overspeed. 
The speed must be known before a saw can be hammered to the right tension. 


Wood lathe speed should range from 2,400 to 3,000 when the 
belt ts at the smallest step of the cone. 


At this speed’ stock ‘up to 3 ins. diameter can be safely turned. Use 
second step of cone for stock up to 6 ins. diameter and largest step for 
all stocks over 6 ins. diameter. Glued work should not be run at too high 
speed owing to danger of it being thrown from lathe by centrifugal force. 
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Brick Work 


The standard sizes of brick are 





Common brick 
Textured face brick | 214X334 X8 
Smooth face brick....... 214 X314Xx8 


Fire brick are made in various sizes (and shapes) to suit the require. 
ments. The ordinary size of fire brick is 9X43X23. 


Strength of Brick.—The ratio of the crushing strength of 
brick and of walls built from them varies with the strength of 
the brick, the workmanship and character of the mortar joints. 








: Properties of Brick 









„Compressive Strength Modulus of Rupture, 
(on edge). lb. per sq.in. ib. per sq. in. 






Absorption Limits, per cent. 

















Name of PE A aa E N a Б 
Grade Mean of Individual Mean of | Individual | Mean of Individual 
. 5 Tests Maximum 5 Testa | Minimum 5 Tests Minimum 
Vitrified Brick........]  Sorless 6.0 5000 or over 4000 1200 or over 800 
Hard Brick 5012 15.0 3500 or over 2500 609 or over 400 
Mediumn Brick........[ 12 to20 24.0 2000 or over 1500 450 or over 300 
Soft Brik. .......... 20 or over Nolimit ] 1090 or over 800 300orover| - .200 


Soft Brick. .......---] 20orover | Nolimit {Jondorover| 60 | Sori 
Volume of Masonry.—To ascertain the volume of bricks in 
masonry, proceed as follows: 


Rule—1. To face dimensions of particular brick used, add thickness 
of mortar joint. 


2. Compute area in sq. ft. and divide this by area of face of wall; 
3. Multiply quotient thus obtained by number of rows of brick across 
wall which will give number of brick in wall.* 


Example.—A 12 in. wall is 4 ft. high and 80 ft. long; size of brick 
$x214Xx334; V6 in. joints. How many brick does it contain? 


*NOTE.—In case of a header row consider header row as two rows. 


- — — ——— 
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1. face dimen. + joint 


8 + 26 = 816 
24 + 6 = 24 
1 3 
2„ face area brick and mortar 84x24 162 sq. ft. 


144 


face area wall =4 X80 =320 sq. ft. 
No. of brick in face of wall 2320-162 2 1975 


3. Number of brick in wall 1,9753=5,925 


Mortar.—The tables following give the amount of cement and 
sand required for laying brick and tile for joints of average 
three-eighths inch thickness. 


Materials for Cu. Yd. of Mortar 
(According to Universal Atlas Cement Co.) 





Proportions Barrels Cubic 
by Parts or Yards of 
Cement Sand Cement Send 
1 0 8.31 
] 1 4.88 Т. 
1 1$ 3.87 .86 
1 2 3.21 .95 
1 2i 2.74 1.01 
1 3 2.39 1.06 
1 4 1.90 1.13 


Oe 





Materials for Laying 1000 Brick 













1:214 Mortar|] 1:3 Mortar {1:34 Mortar 


| Ce- | Sand || Ce- | Sand || Ce- | Sand 
[ment] Cu. ||ment| Cu. ||ment| Cu. [[ment | Cu. 
Bbls.| Yds. Bbls.| Yds. | Bble.| Yds. || Bbls-| Yds. 



























1.2 | 0.35 || 1.0 | 0.37 || 0.9 | 0.39 || 0.8 | 0.41 
1.8] 0.53 || 1.5 | 0.56 || 1.3 | 0.59 || 1.2 | 0.61 
2.1 | 0.63 [| 1.8 | 0.67 || 1.6 | 0.71 || 1.4 | 0.73 
2.6 | 0.77 || 2.2 | 0.82 || 1.9 | 0.86 || 1.7 | 0.90 


Note:—In using this table, bear in mind that quantities for brick work are - 
only approximate, because thére is sure to be considezable variation im thicke. < 
ness of joints and in the size of brick, 
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The covering capacity of mortar given in the table following is calcu- 
lated for average sand and with no allowance for waste. 


In estimating, allowance should be made for waste. When figured for 
stucco, the loss of mortar in forming the keys behind the lath for the 
first coat should be taken into account. 


Covering Capacity of Mortar and Stucco 


Area Covered by One Barrel of Cement in Various ‘Mixes 


MIX THICKNESS OF COAT 


Parts by р M ES 
Volume X4 Inch 3€ Inch 34 Inch 34 Inch 1 Inch 


Cement Sand 
1 1 


134 
2 





472 
542 
612 
682 


MIX THICKNESS OF COAT 


Parts by к 
Volume X Inch 34 Inch 34 Inch ¥ Inch 1 Inch 


Cement Sand 
1 1 


1% 


785 
765 574 


*1:3 is the mix most used for stucco work. п 
Note:—The above areas are calculated for average sand and with 
no allowance for waste. In estimating, allowance should be made 
for waste. When figured for stucco, the loss of mortar in forming 

, the keys behínd the lath for the first coat should be taken into 
account. 
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Foundations.—If foundation footings were made large enough 
much expense of cracked walls due to settling would be avoided. 
The ordinary allowances for footings are given in the following 
table. 


Safe Loads on Foundation Beds 





Sate load 


Kind of foundation bed in Tons per sq. ft. 








ROCK cA Ms mM Т 15 to 30 
Sand, ртате! апа бошаег5...................... 5 
Finesand ин с ny rr UE 2 
Нагарап к е о A у 10 
а 2 
Clay large san а RUE Ee 4 





To be conservative these loads could be reduced at least 25%, 


Example.—The weight to be transmitted by the footings of a small 
10 X20 garage is 500 Ibs..per sq. ft. of floor area. What size footings should 
be provided if the foundation bed be of fine sand? 


Floor area=10X20 =200 sq. ft. 
total weight to be carried 2200 X500 2 100,000 Ibs., 
or 100,000 + 2,000 =50 tons. 
From the table the safe Joad for fine sand is 2 tons per sq. ft., hence 


Area of footing =50+2=25 sq. ft. 
Approximate length of footing = (2 Х 10) +2 Х 20 =60 й. 
Width of footing = (25 +60) X 1225 ins. 


In a case like this the footing would be made not less than the thickness 
of thé wall or 8 ins. 
Chimneys.—According to the American Chimney Corp. 
Depth of foundation 1/26 height of chimney. 


thickness of walls (bottom) = height of chimney +7” 


decreasing to 7 ins. (at top) for 7 ft. Е 10 ins. for diameter over 
10 ft. 
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Taper approximately 4’ per 100’. 
Lu width .6 D; height 1.45 D, where D «clear diameter of chimney 
at, top. 
Theoretical Draft in Inches of Water at Sea Level.— 
Let 
D 2 Theoretical draft. 
H -Distance from top of chimney.to grates. 
T Temperature of air outside of chimney. 
T; —- Temperature of gases in the chimney. 


Then 
е ше, 
о (т 461+Т, 
The results obtained represent the theoretical draft at sea 
level. 
For higher altitudes they are subject to correction, as follows: 


For altitudes of Multiply with 
1000’ 0.966 
2000’ 0.932 
3000’ 0.900 
5000’ 0.840 

10000’ 0.694 





Shoring.—A shoring timber acts as a strut. 
Shore Table 


For walls from Inches Inches 
159:20:feetin:helght-- 995. 4 уулы. ‚... Ах 4to 6X 6 
20 < 30 “ КИТЕРЕ ТОА BE 4x 8* 6x8 
ПОЈ SADE E E HE e de. 6x 8“ 8x10 
40 “50 “ СОИ ОКА 8x 8 * 10x10 


50347958 ЧЫ КТ ELI ЖО: 10X12 “ 12x14 
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Strength of Brickwork.—The compressive strength of brick 
is an important item and it will be seen in the following table to 
vary greatly for different brick. | 

Compressive Strength of Individual Brick 
(Tested Flat) 





Brick Lbs. per sq. in. | Tons per sq. ft. 
Arkansas 
Red'grade ыш. сл. сл 12,253 953 
Я CS DC ANE Rd 11,966 860 
“ MM c HUM EE ET 5,620 406 
Illinois 
Shale building brick................ 10,690 770 
Underburned common.............. 3,920 280 
Kentucky 
аа А ОЛ E 20,030 1,442 
Стаут нА ЙЫ 16,793 1,210 
Darks gree nike cen pent terre ene 7,243 521 
еа ИИТ 5,290 . 380 


Strength of Mortar.—The Bureau of Standards-tests showed 
practically no difference in strength of straight 1— 3 Portland 
cement mortar and similar mortar in which 35% by volume of 
cement was replaced by lime. 


Cement linie mortar is cheaper and saves’ bricklayers’ time because of 
its greater plasticity. Lime mortar, while naturally weaker than cement 
or cement lime mortar, produces brickwork strong enough for many pur- 
poses. 


Figuring Brickwork.—The only way to arrive at the exact 
cost of the brick and mortar, and the time to lay them, is to 
figure the actual number of bricks to be used. 
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The following tables will be helpful: 


Number of Brick required for every square foot of 
Brick Wall 4” to 414” thick 


$4" joints. No. 14" joints. No. $4" joints. Мо, 
of brick in each of brick in each of brick in each. 


Size of Brick square foot. square foot. square foot. 
84x4 xK2y...... 615 6 534 
Аха о 534 514 Žž 9M 
85 х 4% Хх ВИ 534 514 5 
834 х 436 Х 234...... 5 434 414 


Number of Brick required for every square foot of 
Brick Wall 8” to 9” thick 


$$" joints. No. $6" joints. No. $$" joints. No. 
of brick in each of brick in each of brick in each 


Size of Brick 7 square foot. square foot. square foot. 
Bux О 13 12 11% 
8x4 X2MW..... 11% 11 10% 
8% x 4% X 215..... 11% 10% 10 
834 x 49$ X 24..... 10 9% 9 


‘Number of Brick required for every square foot of 
Brick Wall 12” to 13” thick 


$4" joints. No. Y$" joints. No. $$" joints. No. 
of brick in each of brick in each of brick in each 


Size of Brick square foot. square foot. equare foot. 
8x4 X2AH..... 1914 18 17м 
84 хі X21... ИИ 16% 15% 
834 X 4V$ X 215..... 174 1534 15 


834 x 434 X 234..... 15 144 1314 
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Number of Brick required for every square foot of 
Brick Wall 16” to 18” thick 


34" joints. No. 1$" joints. No. 5$" joints. „Мо. 
of brick in each of brick in each of brick in each 


Size of Brick Square foot. square foot. square foot. 
БУДА ка. 26 24 23 
81 X4 x2X.... 23 22 21 
81$ х 41 х 216..... 23 21 20 
834 X 49$ X 29..... 20 19 18 


Number of Brick per.sq. ft. 
(Four inch wall; no headers) 











Joint M и $$ % 3 % 
No. of Brick 7% 7 6% 61$ | 5X 514 











Example.—Estimate by the area method the number of brick (of size 
844 X 4 X 214 including mortar) for a garage size 12/ x 20' x 9' high 
having five 3 X 6 windows and опе 714 х 9 door. 


Gross area of walls = 2 (12 х 9)++ 2 (20* 9) = 576 sq. ft. 


Deduct: 
Area of five3 X 6 windows = 5 (3 xX 6) = 90 sq. ft. 
“ “ one7}¢X9door =714%9 = 675“ “ Я 
total deduction = 157.5" 1575“ « 
| 5 Net wallarea 4185" * 
In the table onthis page look under 14 in. joint and find 7 brick required 
per sq. ft. Hence. total number of brick required for garage is 


(418.5 X 7) X 2 = 5,859 brick* 


It should be noted that this is for an 8 in. wall with stretcher bond with- 
out any header'cornices. 





*NOTE.—5,859 brick as here obtained checks very closely with the number '(5,842) 
obtained by the volume method. The reason for the difference in the result is because the 
figere 7 in the table is an approximation to avoid fraction and unnecessary figuring. 
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Mortar required per 1,000 Brick 


(3% joints) 


















PROPORTIONS 








a a 5 j 
QUANTITIES 
Sand 


Cement | Lime 





























| Cement Mortars | 
| 1 part cement XY bbl. 
| 2 parts sand 1%4 bbls. | optional 
1 part cement 34 БЫ. 
| 2% parts $ sand. 126 bbls. optional 
] part cement — " МЫ. 
3 рамз sand 1% bbls. | optional 
Lump Lime Mortars | | 
1 part lime 
2 parts sand | | 78 БЫ. 
| 5 — Етар ски 
| ] part lime | | XR tea: 


4% parts sand 


1 part lime 
3 parts sand 





5% bbl. у си. уд. 




































| Hydrated Lime Mortar | | 
l part lime 314 sack: Т 
2 рагїз sand | fach КЫ суз: 
ee Фе = 
] part lime н 3 
| 24% parts sand | | 3 sacks 74 cu» yd. 
| 1 t li | 
|} 3 Pam 229 21% засКз. | У; си, уд. 
Cement-Lime Mortars em 1 sack ћу | | 
] part cement 1 drated, or 
| i part lime 74 bbl. РА M У си. уй. 
6 СА sand | lime 
Grout for ds "A М" on | 
] part cement. approx. | арргох. 
3 parts sand 34 БЫ. | % со уд. 








Mechanical Calculations 1215 





Example.—How much cement lime mortar is required for the smat 
@arage brick laid in common bond? 


The number of brick required for common bond as found is 6,818. 
Hence the quantities given in the table for cement lime mortar must be 


0 6,818 
ultiplied by ——— 182: 
multiplie by; or 6.82. Thus 


Cement = 34 bbl. Хх 6.82 = 3.41 say 314 bbl. 
Lime =k “ х 6.82 = 1.71 “13% " 
Sand = Y$cu.yd. X 6.82 — 3.41 "' 314 cu. yds. 


Double Shell Wall Tile-—A 6X12 x5 tile is used for 6 in. 
walls, and an 8x12 X5 tile for 8 in. walls. 


Allow $$ in. for mortar joints. 


The following table shows the strength of double shell tile: 


*Strength of Double Shel). Tile. 


Maximum Load 


Nominal Size | вала 


Units 
x (Lbs ver Sq. In.) — i 
8" х 12"х 5" A 299450 6770 
8" х 12" х 5" 258580 5840 
8!! x 12" x 5" "M. 285280 6450 
6!! x 12" x 5" OF 238000 5990 
5!:x:12! x 5t 311650 7840 
6" х 12" х 5' $ 270510 6810 
BN x 12 x 5" : 224760 5080 
6" x 12!'x 5" T 252050 





*NOTE.—These tests were made on Natco tile by Carnegie Institute of Technology, 
Pittsburg, Pa., July, 1918. Specimens 7 and 8 were glazed. Specimen 7 showed a detail 
failure at one end due likely to improper bedding, which no doubt explains the low result 
obtained. All tile were tested on end and were bedded in plaster of Paris on top and bottom, 
the plaster of Paris cap extending aver the webs so that the full cross section of the tile was in 
bearing. The unit loads were bared on the net area. 


NOTE.—Portland cement is packed in bags of 94 Ibs. net weight. Four bags make a 
barrel of 376 Ibs. net. For ease of calculation, Portland cement is often assumed to weigh 
400 lbs. gross or 380 Ibs. per barrel and when proportioning, is figured to weigh 100 Ibs. per 
cu. ft. Lump lime is sold in bulk by, the bushel, the bushel varying from 75 to 85 Ibs. net. 
It is also sold by the barrel. A 180 Ib. barrel contains 3.1 cu. *t. and a 280 Ib. barrel contains 
4.7 cu. ft. A cu. ft. of lime weighs from 60 to 75 Ibs. net. 
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Concrete 


In mixing concrete satisfactory results are obtained oniy by 
proper proportioning. 


To make dense concrete, the cement, sand and stone must be propor- 
tioned so that the voids in the coarse aggregate are filled with the finer 
particles of sand and cement, and so that the voids in the sand are filled and 
bound together with the particles of cement. 


For instance, 7 cu. ft. of material when mixed make only 41 cu. ft. 
of concrete instead of 7 cu. ft. This point should be remembered in order 
to avoid mistakes in estimating the quantity of materials to make a given 
quantity of concrete. 


Volume of Concrete Mixtures 





Proportions of Mixture 











Е Volume of 
Cement Sand Gravel or stone concrete 
lb 114 cu. ft. 3 cu. ft. 31$ си. Н. 
1 «t V 2 ae 3 “ 39/19 as 
1 an 2 is 4 46 4 и «€ 
1 ss 214 “ 5 “ 52/5 “ 
1 «4 3 .. 5 . 54/5 “ 
. Mixing Water Required for Concrete 
(Approximate quantities) 
Mixture Water Required 
Gals. per sack 
Aggregate of Cement 
Cement A I A 
Fine j Coarse Minimum Mazimum 
1 1% 2% 5 БУЛ 
1 134 3 БЕ 6 
1 2 3 5% 6% 
1 2 4 6 6% 
1 2% > ти 7% 
1 3 6 + 8м 8% 
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6 | ви | exl 7 | nl | 9 RES 


Strength of Concrete 


(For various proportions of water) 





| sx 
| 27] A 2.400 | 2.250 | те! 1,670 | 1,470 | 1,100 a m 200 


batch ерт 
23 days comoressive ‘strength 


Gallons of water for one bag 
lbs. persq. in............. 
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Strength of Concrete.—An excess of water 
weakens the concrete, an insufficient amount 
prevents thorough mixing. 


Output of Concrete.—For conservatively 

, estimating output, an average time for each 

batch should be from two to three minutes. 

This means actual mixing of at least one 
minute. Note results given in table. 


Example.—A ‘mixer turned out 164 two-sack 
batches of 1:234:5 concrete. What is the yardage? 
The table on page 219 gives .202 cu. yds. for a one- 
sack batch, so multiply .202 by 2 to get the quan- 
tity for a two-sack batch, and. this by 164 batches 
to get the total yardage. Thus: .202«2* 164 = 
66.2 cu. yds. 
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Concrete Blocks.—Sand, gravel, cement and water are the 
materials generally used for making blocks. The thickness of 
concrete block walls is often regulated by state or local building 


codes. 


The following table represents acceptable practice for walls 
of residences and apartment buildings (always only lightly 
loaded), except that the 10 in. block has been almost entirely 
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replaced by the 8 in. block. 





Depth 


Inches 


2760| 2160 


(In pounds, uniformly distributed) 


SPAN—IN FEET 


м 


TEES 


For Beams 6 Inches Wide 


1764 
3390) 2736) 2226 
4380) 3528 2900 
5490] 4428) 3654 


6720| 5472|. 4536|3840/3240|2760) 


Depth 
to 
Center 
Line of 
Steel 


1440 
1824 
2400 


1188| 960| 7.00 
15121260] 7.75 
20001680] 8.75 


3072/2502 2220 


For Beams 8 Inches Wide 


3680| 2880| 2352 
4520| 3648| 2968 
5840 4704! 3867 
7320) 5904) 4872 
8960) 7296! 6048 


1920|1584|1280 
2432/2016/1680 
320012667 |2240 
4096|3456/2960 
5120/4320/3680 


For Beams 10 Inches Wide 
4000|3330|2800 


7300| 5880| 4760 


9150! 7380] 6090 
11200] 9120] 7560 
1300010440) 8680 


15300/12480/10430| 


5120/4320/|3700 
6400/5400|4600 
7360/6300/5400 
8800/7560/6500 





*See Table page 5220 ,for size of rods. 


Based on information contained in "Concrete, Plain and Reinforced,” by Taylor 


and Thompson. 


Unit stress for concrete considered as 500 pounds per square inch in compression; 
for steel as 14.000 pounds per squareinch in tension, extra conservative design. 





9.75 
10.75 


7.00 
7.75 
8.75 
9.75 
10 75 


8.75 
9.75 
10.75 
11.50 
12.50 


Total Safe Loads for Reinforced Beams 


Depth 
Below 
Center 


Steel 
Area 
* 
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Reinforced Concrete.—Because of adhesion and shrinkage of 
the concrete during the process of setting or hardening the con- 
crete firmly grips the reinforcing metal. 

In proportioning reinforced concrete beams note the safe 
loads given in the table. 


CONCRETE 


Hourly Output of Concrete 


SS SS Se ee ee 

























; Average Average Average’ 
SOAM erie М ы: time per batch 
2 minutes 3 minutes 4 minutes 
8 Cu. Yds. Cu. Yds. Cu. Yds. 
1:14:3 4.0 : 2.0 
1:2323 4.3 2.2 
1:2 :4 5.0 2.5 
1:24:4 5.4 2.7 
1:23:44 5.7 2.9 
1:24:5 6.0 3.0 










Yardage of Concrete 


Proportions Amount of Concrete in a 1 sack batch 
О НН 

Cu. Ft. Cu. Yds. 
1:14:3 3.53 .131 
1:283 3.90 .145 
1:2 :3} 4.22 .156 
1:2 :4 4.50 .167 
1:244 4.88 .181 
1:24:43 5.17 .192 
1:24:5 5.44 .202 
1:355 5.81 .215 
1:3 :54 6.11 .226 
1:3 :6 6.38 236 
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Equivalent Spacing of Reinforcing Bars for Concrete Slabs 


(To be used in substituting one sized bar for another size) 


3$" Bars 34" Bars | 5%" Bars 34° Вагз 7$" Bars 1* Bara 


X Кх 
Тел сї» н» ©? 
хх 


2 62622 © 
X XXX C 
X XJK ЖКХ 
Oo Onnos №0020 
X хх RK ХК 
Жк 


3 
3 
3 
3 


X 
я 
и 
ђ 
я 
и 
% 
и 
я 


XRX 


Omn Tore p wo 
COMODO 1-000 


Qus i a wot 
чо oO Ore 
WK 
= 
oo со со чо 
Ж 
= 


x 
x x a 


e 

>з с фо отел Pha 
Sow 0000-1 
SRR KK 


Creer 02 
X хх 
= 


RR Ж 
бос ~ 
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к=к ылы Ce neta шаљем es, Oe Ге 


Thickness of Walls (ins.) Load 60 lbs. per sq. ft. 























No. of Base- First Second Third Fourth 
stones | ment * Story story story story 
1 8 8 as ne vs 
2 10 8 8 56 R 
3 12 12 10 8 58 
4 | 16 12 12 10 8 





Materials for Small Quantities of Concrete 





1: 134: 3 Mixture 


Cubic feet of 
Concrete 


MNO ROM 1000 





Ezrample:—To find the materials for 291 cubio feet of 1:2:4 mixture, look in the columns headed 
“1:2:4 mixture," copy out the figures for 100 cubic feet and multiply them by two, to make 200. 
This gives 44 bags cement, 88 cubic feet of sand, and 176 of stone. Then look under the same head, 
opposite 90 cubic fect; 194/5 bags cement, 3013/5 cubic feet sand, and 791/5 cubic feet stone. Then look 
opposite 1 cubic foot and there is found Уа bag cement, 1% cubic foot sand, and Я cubic foot stone. Add 
these three, and it will be found that for 291 cubic feet of concrete in 1:2:4 misture, tkere wil! he 
needed 64 bags cement, 128 cubic feet sand, and 256 cubic feet stone or gravel, 


Ln ——OOm&—————— 


— o- 
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Building Code Requirements for Live Load 
In Pounds Per Square Foot 
scies @ 
е аа | 
STRUCTURE HEEIEHHHEEBEHHEEBEE 
EIEIEIESHEIEIEBIEIEIPIFIFITES 
Apartments......... \.....| 60 50| 70] 46| 46} 5C} 0| 50-40]. ..| 76|...| 50| 60. 40 50 
Assembly Halls. ........+..[...,...{100]100|100] 125). ..|125). ..]100}120/150}100)...|...)... 
`Юейпрв.................. 50| 40 40] 40] 50] 30) 501 40] 40| 70 70] 50] 60] 46] 50 
Нор ое |н 70] 50|...| 50] 30-50.,.|...| 70}...| 50| 6C| 5c)... 
О. ..| 10] 50] 40] 75| 30] 501 `40]...| 70]...| 50] 60] 40] 59 
Manufacturing.............}175). Medios 150,200]. ...|. |. |. ..]10|200,150 250]. ..]... 
Light Manufacturing. ...... 125/120 10c|100 100] 100/100125, . . . [120]. . . 100/125 125]. .. 
Ileavy Storehouses. .. . ... .|250250]. ..|... 150/200]. . Pe goo Е 250... 150 
їагеһойзз...............|... 2501150]. . 1150/200]. ... .. 200]. ... 15012001501250)... |150 
Oe Ae не 751001 70] 50] 50] 75| 40 75| 70| 601100). ..| 60] 60] 50] 75 
Schools—Class Rooms......| 75) 60]...|... 80106] 40100] 6c|.75}...|... 75| 75| 50] 75 
Stairways, General ЕНЕНЕ 70|... 10C| 80)... ele ole eel ee отоор. 
Roofs—Slope Under 20°....]... 40| 40] 25] 25| 36] 301 50} 36| 45] 30] 50] 30] 30] 40] 25 
Wind Pressure ........... 30....| 30 20| 20]... 30, 30... | 301 30). ..| 30| 201... | 30 
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*Table of Proportions and Quantities for One Cubic Yard of 
Concrete using various sizes of aggregates 


Based upon laboratory investigations, using approved materials, compressive strength, 28 days, 
with workable plasticity, 6 by 12-inch cylinders, 3,000 pounds per square inch. 











Fine Aggregates, Scrcen Openings per Inch 


coun Cement in bbls. 


Aggregates in 
оа Cubic Yards 


tol Quantities... . 





No. 4 | Proportions.. 


Quantities 
Proportions. 
Quantities 


Proportions.. д (1.8/2.6) 2 |1.7|2.6| 1 |1.9]2.5| 1 (2.2/2.4) 2 8.7/2.7 
Quantities 1 901.36] .74]1.77|.44| .68]1.72|.48|.64]1.67|.54|.59]1.72| 68) 43 


Proportions .. 1 |1.3|3.04 1 [1.7/3.0] 2 |1.9]3.0] 1 [2.1/2.9] 1 [3.6/2.2 
























































Quantities. ‚| 82|.35| 80|1.681.43|.75|1.63|.46| .73|1.61|.50|. 63|1.624.03|.53 
Proportions. . 11% |i.5/2.3) 2 (1.9/2.2) 2 [2.12.2] 1 |2.3/2. 

Quantities .67|1 85] 52) 6111 82 Li .59|1:75|.59|.54 

+ Proportions... 

Quantities... 

Proportions. . .8] 1 [1.92.9] 1 [2.12.9] 1 (2.2/2.8) 1 (2.7/9.2 
Quantities... . . 7511.68] 47] 73]1.63] 51] 69]1 61|.52|.66]1.62] 651.51 
Proportions. . 1 [1.43.3] 1 [1.93.81 2 [9.0/3.4] 1 (2.2/3.3) 3 12.727 
Quantities... [1.75] 36{.86]1 63| 46| 79|]1.55|"46| 7811 52] 50 тат 53] C2].62 





Proportions.. . 
Quantities... . 















1 |1.7|2.7] 1 |2.0|2.8] 1 |2.302.7] 1 [2.52.7] 1 13.02.0 
.73[1.79|.50| 70|1.63|.55[-65]1.61|.59| 64[1.62|.73| 48 
1 |2.0|3.1| 1 [3.33.1] 1 12.53. š 
.?5]1 55|.53|.72]1.52]|.56].67|1.53 65| 55 
2.8) 1 [2.02.9] 1 |2.3|2.7] 1 [2.62.6] 1 [3.120 
75|1.681.50].7311.63|.55|.65|1.61|.62|.6211.62|.75| ^8 


Proporions,. .| 1 11.95.2| 1 1.95.5| 1 [2.23.3] 1 [243.3] 1 [3.03.6 
175! 39.831 .631.48] 251 581 51 


Quantities. .76|1.521.51.74]t 533 681 59 


*Comptled by Prof. Duff A. Abrams of Structural Materials Research Laboratory, Lewis 
Institute, Chicago. 


[74 Proportions. . 
to 114. | Quantities.. 










Proportions. . . . 
Quantities. 


Proportions.... 
Quantities.. 
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Materials for Small Foundation Walls of Concrete 


Wall 7 ft. high—Material needed for euch 10 ft. length. 





1:2:4 Mixture 1:234:5 Mixture 1:3:6 Mixture’ 
Thickness EE | 
Bags | Cubie | Cubic 
Cement| Feet |" Feet 
Band; | Stone 


‚ 20% 


235 | 47 9x] · 2536 
26% | 52%) 10% | 28% 
29%) 88M| 12 | 32 

- 8536] 70%) 14% 3835 
524 | 106 21% | 57M 


27 54 
30% | 60% 
33% | 673 
40%| 81 


60% | 121 


Size (height x width) 


6 in. 

7 in. 

8 in. x 

Qin. x 

10 in. 

121п. > 5 
15 in. x 30 in.. 
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Stone Masonry.—The resistance to crushing or compression 
strength of stone varies to an enormous extent for various 
stones, from a little over 60 tons per sq. ft. which is the limit 
for a weak limestone, up to 1,300 tons for the hardest granites. 

The following table gives average data for building stones 
of good quality. 


Properties of Stone 
(Average values according to R. P. Miller) 











3 Crushing Shearing 
Kind of Stone | Weight Ibs. strength Ibs. strength Ibs. 
per cu. ft. per sq. in. per sq. in. 
Sandstone.......... 150 8,000 1,500 
Granite............ 170 15,000 2,000 
Limestone..,....... 170 | 6,000 1,000 
Маге не 170 10,000 1,400 
Slate eT 175 15,000 
‘Trap Rocke. 2.8 S 185 20,000 





Steel Joists.—The following table gives the safe uniform 
square foot loading and safe concentrated loadings applied 
between joists. 
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Total’ Safe Uniform Loads in, Lbs. on Truscon Stéél Joists 
Deflection шш than 1/360 of Span for Loads Below Heavy Line 
Size of Steel pesas T. 


We.lbs!_ Plate Girder 





oe LaL com 00 0080s 
Joists braced laterally as in standard floor construction, Bending moment }4 WL. Maximum stress 16,000 Ibs. per sq. inch. 


Deflection Limited to 1/360 of Span for All Loads Below 


— lll = 
Size o of Steel Joists | 
Уллы m Plate Girder E 
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Total. Safe Uniform Loads 
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on Truscon Steel Joists in 


Pounds per Square Foot of Floor Area 


Joists spaced 24” center to center 


Joists spaced 19” center to center 





= 


Clear 
Span 
in Ft. 4 | 
6 |193 |. 

7 |142 

8 |108 
9 |77 
10 |56 
11 |42_ 
32 





Depth of Joists in Inches 





















Joists spaced 16” center to center 





















Clear Depth of Jcists in Inches 

Span 

inFt) 4] 5 | 6 | 7 | 8] 9 | 10 | 11] 12 
6 |24 бетон лете та 
7 |179 

8 |137 |184 

9 97 |146 

10 71 |118 

11 53 | 89 


40 


Joists spaced 12” center to center 











—— a 
Clear Depth of Joists in Inches 


£9 ded 1 1 
Above loads mclude dead weight of floor construction and 


ceiling, averaging about 40 pounds per square foot. To find 
the safe live load, deduct the dead load from these valucs. 
The maximum deflection is less than 1/360 of the span. All 





Clear 

Span 

in Ft| 4 
6 [385 |. ... 
7 |283 
8 [217 
9 1154 
10 [112 


Depth of Joists in Inches 













11 

12 

13 

14 JR 
15 474 
16.. 417 
17, 369 
18, 329 
19 295 
20 267 
21 242 
22 220 
23 202 
24 185 
25 165 
26 147 


чалсын ныс ды коны Дыкан e Шы. 
values are for joista braced laterally аз .іп standard 
floor construction. Tables are based on bending mo- 
ment of }§ WL and maximum fibre stress of 16,000 
Yba, per square inch. 


— ———=—— ee ‘M —- - -- 
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Table of Hyperbolic Logarithms 





No. 















S P D D O M en on on en en en en en en н ре нк 


бо 54 ср En 0 о Фоо мо ёл о о о обо цо ёл оо CO QD O0. ATO» ER 
Bo I9 r7 12 C C (0 tO £O tO £D tO tO t6 tO «D 00 00 00 00 00 00 0.00 00 00 I 


gh Ph ge 69 69 Q0 $0 09 62 69 69 Фо GO BO RO EO IO ID EO DO NO BO RO t tH it i 
из бо Коа О о бо д © ©з Б ©з Кә о боо ль ооо Co (o O0 ^ н оо 
© ФО ФО сл © сл © бл © сл ©ёр бо 514 © ©л нк оон орфо моб м о 


1.1632 6 1.8871 1 
1.1939 6. 1.9021 1 
1.2238 6. 1.9169 1 
1.2528 6. 1.9315 1 
1.2809 7. 1.9459 1 
1.3083 7 1.9601 1 
1.3350 d 1.9741 13. 
1.3610 7. 1.9879 13. 
1.3863 7. 2.0015 14. 
1.4110 7. 2.0149 15. 
1.4351 7. 2.0281 16. 
1.4586 T. 2.0412 17. 
1.4816 7. 2.0541 18. 





NOTE.—Hyperbolic or Naperian logarithms are common logarithms multiplied by 
2,3025851. АР 
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Natural Trigonometrical Functions 


«09000 
„01745 


ЗЕбеочоскоюно 
$ 


SURRLRRRRLSssasass 
& КЕЧЕ Л НЫНЕ 

SRE SERBREEREREREBER 
ZEBEERSSSESEZ SEBS s 


Seeese 
t 
= 


5888 
> 
3 


tfttt 
seil 
32838 





1.0000 | .00000 


‚01745 
.03492 
„05241 
06993 
„08749 
‚10510 
.12278 
„1405 
1584 
„1763 
.1944 
«2126 
«2300 
«2493 
„2679 
„2867 
3057 
.3249 
.3143 
.3640 
„3839 
„400 
„4245 
94452 
„4663 
44877 
.5095 
«5317 
„5513 
„5774 
„6009 
„6249 
«6304 
„6745 
«7002 
«7265 
„7536 
+7813 
.8008 


1.0014 
1.0024 
1.0038 
1.0055 
1.0075 
1.0098 
1.0125 
1.0154 
1.0187 
1.0223 
1.0263 
1.0306 
1.0353 
1.0103 
1.0157 
1.0515 
1.0576 
1.0642 
1,0711 
1.0755 
1.0564 
1.0946 
1.1034 
1.1126 
1.1223 
1.1326 
1.1433 
1.1547 
1.1666 
1.1792 
1.1924 
1.2062 
1.2208 


1.2361 


1.2521 
1.2690 
1.2867 
1.3054 
1.8250 
1.3156 
1.3673 
1.3002 
1.4142 


SBSSSSARRVSSSSASRASS 


анала 
оф б >» сою е 


58288 


КЕБ 


88 





.2588 
.2419 
.2250 
.2079 
1908 
‚1736 
1564 | 
.1392 | 
«12187 | 
‚10453 
„08716 
‚06976 
„05234 | 
„03490 
„01745 
Inf. 


Tahgent 


1.0355 
1.0724 
1.1106 
1.1504 
1.1918 
1.2349 
1.2799 
1.3270 
1.8764 
1.4281 
1.4826 
i 
1 
1 


NOTE.—For intermediate values reduce angles from degrees, minutes and seconds tg 


degrees and decimal parts of a degree and interpolate or consult a larger table 
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Logarithms of Numbers, from 0 to 1000 


For 1 and for all numbers greater than 1, the characteristic is one less than the number 
of places to the left of the decimal point in the given number. For example, the characteristic 
of the logarithm of either 587 or 587.5 is 2, and of 2146 is 3. 


For numbers smaller than 1, that is for numbers wholly decimal, the characteristic. is 
negative and its numerical value is one more than the number of ciphers between the decimal 
point and the first figure which is not a cipher. For example, the characteristic of the loga- 
rithm of 0.045 is (—2), and the characteristic of 0.0004 is (—4). The minus sign is usually 
written thus: (—) as the minus sign refers only to the characteristic and not to the mantissa, 
which is always positive. 





1 2 3 4 5 6 7 8 9 


00000 30103 47712 60206 69897 77815 84510 90309 | 95424 
00432 00860 01284 01703 02119 02531 02938 03342 | 03743 
04532 04922 05308 05690 06070 06446 06819 07188 | 07555 
8279 08636 08991 09342 09691 10037 10380 10721 11059 
11727 12057 12385 12710 13033 13354 13672 13988 14301 


17898 18184 184 18752 19033 19312 19590 19866 | 20140 
20952 21219 21484 21748 22011 22272 22531 22789 
23300 23553 24055 24304 24551 24797 25042 | 25285 
25768 26007 26245 26482 26717 26951 27184 27416 | 27646 
28103 28330 28556 28780 29226 29447 29885 
30320 30535 30750 30963 31175 31387 31597 31806 | 32015 
32428 32634 32838 33041 33244 33445 33646 
34439 34635 34830 35025 35218 39411 35603 35793 35984 
36361 36549 36736 36922 37107 37291 37475 | 37658 | 37840 
38202 38382 38561 38739 38917 39094 39270 39445 | 39620 


47857 48001 48144 48287 48430 48572 48714 48996 
49276 49415 49554 49693 49831 4 50106 50243 50279 
50651 51055 51188 51322 51455 51587 | 517 
51983 52114 52244 52375 52504 5 52763 52892 | 53020 
53275 53403 53529 53656 53782 53908 54033 54158 54283 
54531 54654 54777. 54 55023 55145 55267 55388 55509 
55751 55871 55991 56110 56229 56348 56467 56703 
57054 57171 57287 57403 57519 57634 57749 57864 
58206 58320 58546 58659 58771 58995 
59218 59329 59439 59550 59660 59770 59879 59988 | 60097 
60314 60423 60531 60638 60746 60853 60959 61066 | 61172 
61384 61490 61595 61700 61805 61909 62014 62118 62221 
62428 | 62531 62634 62737 62839 62941 63144 63246 


63043 
63448 63548 63649 63149 63849 63949 64048 64147 64246 
64444 64542 64640 64738 64836 64933 65031 | 65128 65225 


65418 65514 65610 65706 65801 65896 65992 66087 66181 





66370 66464 66558 66652 66745 66839 66932 67025 67117 
67302 67394 67486 67578 67669 67761 67852 67943 
68215 68305 68395 68485 68574 68664 68753 68842 68931 
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85248 85370 85431 85491 85552 
85854 85914 85974 86034 86094 86153 
86451 86510 86570 866; 86747 





98318 98408 98453 98498 98543 
98767 98811 98856 98945 98989 
99211 99255, 99300 99344 99432 
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сеш: and Areas of Circles 










. 76609 | 5 | 25. 
100138 | 79798 | 3 | 26. 
10.2102 | 82958 | 34 | 26 
104065 | 86179 | %& | 27: 
10.6029 | 89462 7 
10.7992 | 9.2806 | 
10.9956 | 9621 [ 9 | 28.2743 17 
11.1919 | 9.9678 
11.3883 | 10.321 


SOROS 
28: eee 

= 
кк 


5 
w 
8 
> 
г: 
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ear 
8 
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© 
их 


13.9408 | 15.466 
14.1372 | 15.904 











= 

ee ppi 
i 

3 

5 


ххх 
: Bee 
Babs 


RAR 







0. 36.5210 

.6903 36.9137 

у 37.3064 
0.7854 12 | 37.6991 20 
0.8866 


RR 
БЕШЕНЕНЕ 
gage 






кк куйшш 


ЖКК ХКК 






1.7671 ї . 13 | 40.8407 21 
1.9175 17.4751 | 24.301 41.2334 

2.0739 17.6715 | 24.850 41.6261 

2.2365 17.8678 | 25.406 42.0188 

2.4053 18.0642 | 25.967 42.4115 

2.5802 134) 18.2605 | 26.535 42.8042 

2.7612 % | 18.4569 1 27.100 % | 43.1969 

2.9483 10] 18.6532 | 27.688 % | 43.5896 

3.1416 | 6 | 18.8496 | 28.274 [14 | 43.9823 22 
3.3410 19.2423 | 29.465 44.3750 и 
3.5466 4 | 19.6350 | 30.680 44.7677 

377583 20.0277 | 31.919 45.1604 

3.9761 20.4204 | 33.183 45.5531 

4.2000 $6 | 20.8131 1 34.472 45.9458 и 
4.4301 34 | 21.2058 | 35.785 46.3385 4 
4.6664 % | 21.5984 | 37.122 46.7312 | 173.78 5 
4.9087 | 7 15 47.1239" 176.71 

5.1572 и % | 47.5166 | 179.67 
5.4119 4 \ | 47.9093 | 182.65 

5.6727 48.3020 | 185.66 

Х 48.6947 | 188.69 5 
6.2126 и $6 | 49.0874 | 191.75 

6.4918 49.4801 | 194.83 

6.7771 49.8728 | 197.93 
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Circumferences and Areas of Circles—continued 
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141.764 | 1599.3 
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The Slide Rule 


The principle of the slide rule is based on the fact that the 
addition of logarithms multiplies the numbers that they represent 
and the subtraction of logarithms divides the numbers. 


HAIR LINE CURSOR TONGUE OR SLIDE 








Б” 


Fic. 1.—Detail of slide rule showing scales and parts. Note especially the scalea aa they аге 
constantly referred to by letter, as scale C, scale D, etc. 


By use of the slide rule the operations of multiplication, division, the 
finding of powers and the extraction of roots, may be performed rapidly 
and with an approximation to accuracy which is sufficient for many pur- 


poses. 


With a good 10 inch rule the results obtained are usually 
accurate to 14 of 1 per cent. 


2 The Slide Rule 





A slide rule has four scales as shown in fig. 1 and designated 
by the letters A,B,C,D. The two outer scales A and D, are 
stationary, but the two inner scales B and C, are on a tongue ar- 
ranged to slide between the two outer scales. 


The chief difficulty in learning to use the slide rule is 
to learn to read the graduations on the scales. 


"Taking first part of the D scale and beginning at the left hand end it will 
be seen in fig. 2, that between the large 1 and 2 there are ten divisions 
indicated by the small figures 1, 2, 3, etc. 


Now, in fig. 3 the large 1 is read 1 and since there are 10 large divisions 
between large 1 and large 2, the reading at small 2 for instance is 1.2, 12, 





LARGE 1 SMALL 1, 2,3, ETC LARGE 2 
Fic. 2.—Detail of D scale showing large and small figures. 


READ !.2, 12, 120 ETC.. 





Fic. 3.—Detail of D scale showing how to read 1.2. 12. 120, etc. 
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120, etc. Hence it will be noted that the slide rule does not place the 
decimal point. 


It will be further noted that between each of the divisions designated by 
small 1, 2, etc., there are 10 smaller divisions (fig. 1). Hence each one of these 
is one hundredth of the large division from large 1 to large 2. This permits 
reading accurately a number of three figures and by "guess" a number of 
four figures. Thus to read 1 1 3, read the big 1 (for 100), then the small 1 
(for 10) and finally the third hundredths division (for 3) counting to the 
right from the little 1 division as indicated in fig. 4. 


READ BIG 1 FIRST 


NEXT LITTLE J READ THE 
3RO LITTLE DIVISION LAST 


LITTLE DIVISIONS 





Fic. 4.—Detail of C scale showing how to read numbers such as 113. 


'To read a number such as 104, remember that the big 1 can be read either 
lor10. Hence call the big 1 ten and count 4 of the little divisions to the 
right as in fig. 5. 


The accuracy with which a number of four figures can be read depends 
upon the ability of the eye to gauge the position of the 4th figure between 
two of the small divisions. Thus, in fig. 6, to read the number 1,057 take 
big 1 for the first two figures, that is 10; count to right from big 1 five of the 
little divisions indicated by а, for the third figure. 


Now the fourth figure is found between the two adjacent little divisions 
а апа b, The illustration which is greatly magnified shows a,b, divided. 


4 The Slide Rule 








CALL BIG! TEN 


COUNT 4 LITTLE DIVISIONS TO RIGHT 
. OFBiG! .. RO 








— 





on 
READ 10 FIRST 
,5 NEXT 
^ N ESTIMATE BY EYE 
RUD E POSITION OF 7 





BETWEEN a AND 


1057 па | 





THESE SMALL DIVISIONS 
NOT ON RULE 
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into 10 divisions, but these divisions are not on thé rule itself and must be 
judged or guessed at “by the eye” and upon the precision with which this 
is done depends the accuracy of the fourth figure or in this case the 7 of the 
number 1057. 

To read numbers beginning with 2, 3, etc., start with the big 2, big 3, etc., 
and proceed similarly as in the foregoing explanations. : 

Thus to read the number 275, read first in fig. 7, the big 2; count off 
seven small divisions to right, that is to division a, and then gauge by eye 
half the distance or 5 invisible divisions between a and b obtaining the 
number 275. 





BIG 2 BIG 3 


Fic. 7.—Detail of D scale showing how to read numbers of three figures beginning with 2, 
3, etc. 


Example.—Multiply 2x7. 


In fig. 8 slide last division or "index" av right end of C scale opposite 
big 2 оп D scale. Move "cursor" (the sliding glass with hair line) opposite 
big 7 on C scale and read 14 on D scale indicated by the hair line. 


The “index” at either end may be used, but if the second factor come “off 
the scale" take the index at the other end of the tongue. 





Refer to illustrations on page 4. 


Fic. 5.—Detail of D scale showing how to read numbers containing a cipher (or ciphers) 
such as 104. 


Fic. 6.—Detail of D scale showing how to read a number of four figures. 


6 The Slide Rule 





Example.—Divide 4 by 2. 


In fig. 9 slide cursor till hair line registers with large 4 on D scale; slide 
tongue to register large 2 (on C scale) with hair line. At large 1 on the end 
of tongue (scale C) read 2 on scale D, which is the answer. 

Example.—Divide 475 by 23. 


In fig. 10 slide cursor till hair line registers with 475 on scale D; slide 
tongue until 23 on scale C, registers with 475 on scale D. At large 1 on end 


1S*- PLACE LARGE | ON SLIDE (SCALE C) 
OPPOSITE LARGE 2 ON SCALE D) 





QND. FIND LARGE 7 ON SLIDE (SCALE C) 


RBS | pir M 






AT LARGE 7 ON SLIDE (SCALE C) 
READ 14 ON SCALED 


Fic. 8.—Detail of D and C scales showing how to multiply. 


ZRD 
AT LARGE! ON SLIDE 
(SCALE C) READ 2 ON 2n» PLACE Se (SCALE C) 
SCALED | OPPOSITE 4 





{ST Find LARGE 4 ON SCALE D 
Fic. 9.—Detail of D and C scales showing how to divide numbers of one figure each. 
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of tongue read 2,065 (scale D) and place the decimal point to read 20.65. 
As the slide rule does not give the decimal point this has to be done 


ZRD дт LARGE | ON SLIDE, (SCALE с) ZND PLACE 23 ON SLIDE (SCALEC) 
READ 20.65 ON SCALE D OPPOSITE 475 








20.65 4ST FIND 475 ON SCALEO 
Fic. 10.—Detail of D and C scales showing how to divide numbers of three figures each. 


не шн 





E LOCATE DIVISION 
7 BY EYE AND JUDGE 
POSITION OF LARGE} 
(ON SCALE C) BE- 
TWEEN © AND 7-SAY 
HALF WAY OR .5 


2ND COUNT NUMBER 
OF SMALL DIVISIONS 
(ON SCALE D) TO LARGE 
| (ON SCALE C) AND 
DOUBLE THEM GIVING 








LN JUDGE BY EYE 
S CALL EACH SMALL 
DIVISION 2 ST 
1 READ LARGE 2 AS; 
20 


Fic. 11.—Magnified detail of D and C scales showing how to read the answer in the example 
a9 given iD fig. 10. 
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independently. This example illustrates how to read a number of four figures 
as explained under figs. 10 and 11. 


Continued Multiplication.—When there are more than two 
factors proceed as follows: 


Rule.— Multiply the first two factors in the regular way; set 
hair line to register first product and continue by placing index to 
register with hair line. 


Squares and Square Roots.—These are found by using the A 
and D scales. Thus: 


Rule.—Set the cursor so that the hair line stands over the 
number on the D scale and the square of that number will be found 
on the A scale under the hair line. 

In finding the square root of a number, note that the number is located 


on the A scale and the root is found directly below, on the D scale, the 
hair line being used to make the readings accurately. 


Cubes and Cube Roots.—Finding the cube of a number 
requires the use of all four scales. The index of the C scale is 
. set to the given number on the D scale and opposite the same 

number on the left hand B scale, the cube is read from the A 
scale. Three cases may arise, as follows: 


Case 1.—The slide may project to the left and the cube be found on the left 
hand A scale. 


Case 2.—The slide may project to the right and the cube be found on the 
right hand A scale. 


Case 3.—The slide may project to the right and the cube be found on the 
left hand A scale. 


. Cube Root.— The operation of finding the cube root is the 
reverse of finding the cube, and the method of determining the 
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number of figures in the root, preceding or following the decimal 
point, is the same as that used in arithmetic; that is, the number 
is pointed off into periods of three figures each, beginning at the 
decimal point, and the root then contains one figure for each 
period or part of a period. 

If the number contain a decimal, add ciphers to the right of it, if nec- 


essary, so that the number of figures in the decimal part will be exactly 
divisible by 3, without a remainder. 


The scales and indexes to be used in finding the cube root 
depend upon the number of figures in the first period at the left, 
not counting ciphers when they immediately follow the decimal 


point. 
The rules to be followed are: 


Case 1.—- 7f there be three figures in the first period, use the left 
hand A scale and the right hand index of the C scale. 


Case 2.—[f there be two figures in the first period, use the right 
hand A scale and the left hand index of the C scale. 


Case 3.—4Jf there be one figure in the first period, use the left 
hand A scale and the left hand index of the C scale. 


“10 


The Slide Rule 


TEST QUESTIONS 


.. What is the principle of the slide rule: 


. What mathematical operations can be done on the 


slide rule? 


. What do the large and small figures on the slide rule 


indicate? 


. Name the chief difficulty in learning to use the slide 


rule. 


. How is a number such as 104 read? 

. What is the cursor used for? 

. What is the "index"? 

fa factor come “off the scale," what should be done? 
. Multiply 6 by 23. 

. What is the object of the hair line on the cursor? 

. Explain how 475 is divided by 23. 

. Explain how to proceed when there are several factors. 
. What scales are used for squares and square root? 

. On what scale is the number to be squared located? ' 


. Find the cube root of 12,623. 


Upon what do the scales and indexes to be used in 
finding the cube root, depend? 
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LC) Audels REFRIGERATION & Air Conditioning Guide $4 


4 Books in One; covering basic principtes, servicing, operation, repair of;—1l. Household Refrigera- 
tion, 2. Special Refrigeration Units, 3. Commercial and Industrial Refrigeration, 4. Air Condition- 
ing Systems. A gold mine of essential important facts for Engineers, Servicemen and Users. 

A Good Book is a Good Friend! Неге you have at your fingers’ ends a Сотртеје пун INE 
VOLUME, the necessary data you have been looking for on: MODERN UNITS, SYSTEMS & 
MACHINES, REFRIGERANTS including Freon, Quick Freezing, Lockers, Water Coolers & Air 
Conditioning Systems. 

1280 Pages, 46 Chapters all Fully timstrated & indexed for Ready Reference with Answers ta 
Your Questions. 


C1 AUDELS WELDERS GUIDE................$l 


_ A CONCISE, PRACTICAL TEXT ON OPERATION AND MAIWTENANCE OF ALL WELDING 
MACHINES, FOR ALL MECHANICS. 
Over 400 pages, fully illustrated, 5 x 6V x 2, flexible covers. 
Covers Electric, Oxy-acetylene, Thermit, Unionmelt Welding for sneet metal, spot and pipe welds, 
` pressure vessels and aluminum, copper, brass, bronze and other metats. airplane work, surface hardening 
and hard facing, cutting, brazing—~eye protection, EVERY WELDEP SHOULD OWN THIS GUIDE. 


C] AUDELS ANSWERS ON BLUE PRINT RFADING . $2 


COVERS ALL TYPES OF BLUE PRINT READING FOR MECHANICS AND BUILDERS. 

376 pages, very fully illustrated, service bound, pocket size. 

How to read scales—the stand .^ symbols—detail and assembly prints—the different kinds of working 
drawings; orthographic, pictorial, descrintive—development by parallel and radial lines, conventional 
lines, triangulation. Warped and other surfaces—specifications—how to sketch—how to make working 
draw! ngs—how to make blue prints—short cuts—helps—hints and suggestions. 

"The blue print of to-day is the machine of to-morrow.” The man who can read blue prints Is In tine 
for a hetter job. This book gives you this secret language, step by step in easy stages. 

NO OTHER TRADE BOOK LIKE IT—NEW, COMPLETE. 


.L] AUDELS POWER PLANT ENGINEERS GUIDE. .$4 


A COMPLETE STEAM ENGINEERS LIBRARY iN ONE BOOK WITH QUESTIONS & ANSWERS, NEW 
FROM COVER TO COVER. 1500 Pages, over 1700 clear, expertly drawn Illustrations, Graphs and Charts. 
1001 FACTS & FIGURES AT YOUR FINGER ENDS. For ali Engineers, Firemen, Water Tenders, Oilers, 
Operators, Repairmen and Applicants for Engineers" License Examinations, 

SPECIAL FEATURES INCLUDE: Boilers, alf types; Boiler and Engine room Physics; Fireman's Guide; 
Boiler Examination Questions; Boiler Operation; Pulverized Coal Systems; Instant Steam; Boiler Fix- 
tures; Boiler Repairs and Calculations; Boiler Accessories; Feed Pumps; Feed Water Heaters; Econo- 
mizers; Feed Water Treatment and Deaeration; Injectors; Safety Valve Calculations; Mechanica! Stokers; 
Oi! Burners; Condensers; Air Pumps and Air Ejectors; Evaporators; Steam and Hot Water Heating; Pipe 
Fitting. Steam Engines; Valve gears; Turbines; Compressors; Hoists; Gas and Diesel Engines; Lubricants 
and Lubrication. 

65 Instructive, interesting lilustrated Chapters — ALL FULLY INDEXED FOR READY REFERENCE. 


L1 AUDELS SHEET METAL WORKERS 
HANDY BOOK.....................91 


Containing practical inside information, ess-ntial and important facts and figures. Easy to understand, 
Fundamentals of sheet metal layout work. Clearly written in everyday language covering: Aircraft sheet 
metal work, principles of pattern cutting, -sheet metaf work layout, development of air conditioning 
ducts, sheet metal machines, welding Sheet metal, boiler plate work, practical drawing, how to read 
plans, geometrical problems, mensuration, FULLY ILLUSTRATED. READY REFERENCE INDEX. 
$88 PAGES—HANDY SIZE—FLEXIBLE BINDING 


L1 AUDELS SHEET METAL PATTERN LAYOUTS . $4 


10 Sections, 1100 pages, 350 layouts, 1600 illustrations. 

A PRACTICAL ILLUSTRATED ENCYCLOPEDIA COVERING ALL PHASES OF SHEET METAL WORK 
INCLUDING PATTERN CUTTING, PATTERN DEVELOPMENT AND SHOP PROCEDURE. 

10 Big Sections Covering: Heating & Air Conditioning Duct Patterns—Special Sheet Metal Layouts— 
Layouts for various sheet metal shanes—Conductors, Leaders and Leader Head Layouts—-Gutters and 
Roof Outlet Layouts-—Sheet Metal Roofing Patterns—Skylights and Louvers Pattern Layouts—Cornica 
Pattern Layouts—Sheet metal Boat Patterns—Geometrical Problems, Mensuration and Sheet Metal 
Mathematics. 

Developed by experts for Sheet Metal Workers—Layout men—Mechanics and Artisans, Apprentices and 
Students. A MASTER BOOK FOR ALL THE SHEET METAL TRADES. 


[П AUDELS MATHEMATICS & CALCULATIONS 
FOR MECHANICS..................$2 


MATHEMATICS FOR HOME STUDY OR REFERENCE. 700 pages, 550 illustrations, pocket size. 
This work has been arranged as a progressive study, starting with the first principles of arithmetic and 
advancing sten by step, through the various phases of mathematics, including the many necessary rules 
and calculations, for figuring mechanical and electrical engineering problems. Thousands of mathematical 
calculations and tables, fully indexed for quick use. 

Practical mathematics from the beginning. How to: figure correctly. New, easy, correct methods covering 
a complete review of practical arithmetic. Mlustrated with examples, Includes mensuration—plane and 
solid geometry—trigonometry—algebra—caleulus—electrical and mechanical shop catculation—practical 
tests—reference tables and data. How to use the slide rule. A REAL HELP TO ALL MECHANICS. 


C AUDELS NEW MACHINISTS & TOOL MAKERS 
HANDY BOOK.....................$4 


COVERS MODERN MACHINE SHOP PRACTICE IN ALL BRANCHES. 5 PRACTICAL BOOKS IN ONE. 
New from cover to cover. Tells how to set up and operate lathes, screw and milling machines, shapers, 
drill presses and all other machina tools. б 

1600 pages, fully illustrated, 5 x 6V2 x 2, flexible covers. Indexed. 5 sections, 60 chapters. Easy to 
read and understand. 

A complete instructor and reference book for every machinist, too! maker, engineer, machine operator, 
mechanical draftsman, metal worker, mechanic and Student, covering lathes, screw and milling machines, 
shapers, drill presses, etc. & practical books in 1: Section 1: Modern machine shop practice—2: blue 
Print reading—3: mathematics for machinists—4: shop physics—5: how to use the slide rule, 

„А SHOP. COMPANION THAT ANSWERS YOUR QUESTIONS, 


[1] AUDELS DIESEL ENGINE MANUAL. .......92 


A PRACTICAL, CONCISE TREATISE WITH QUESTIONS AND ANSWERS ON THE THEORY, PRA H 
TICAL OPERATION AND MAINTENANCE OF MODERN DIESEL ENGINES. Y e 
384 pages, fully illustrated, flexible binding, pocket size. 
Explains in simple, concise language Diesel operating principles—engine starting—aw starting valves— 
fuel spray valves—inlet and exhaust valves—valve timing—fuel pumps—fuel injection compressors— 
starting air compressors—scavenging air compressors—pistons and piston rings—tylinders—iubrication 
—cooling systems—fuel cil—the engine indicator—governors—-engine reversing—-semi-Diese| engines— 
high үне Ше eU BCMA RPG OU EM calculations, including two-cycle 
iesel engines. + THIS BOOK IS OF EXTREME VALUE 
TO ENGINEERS, OPERATORS, STUDENTS. ЕК REST n 


(1 AUDELS MECHANICAL DICTIONARY......-.$4 


A WORD BOOK FOR MECHANICS. COVERING THE MECHANIC ARTS, TRADES AND SCIENCES. 
950 pages, 534 x 8 x 134, flexible binding. р 

A very useful book. If constantly referred to will enable the student to acquire a correct knowledge of 
the words, terms and phrases in use in mechanical engineering and its various branches. Included ara 
valuable tables, formulas and helps—an encyclopedia as well as a dictionary. 


[ AUDELS NEW AUTOMOBILE GUIDE........$4 


A PRACTICAL READY REFERENCE FOR AUTO MECHANICS, SERVICE MEN, TRAINEES & OWNERS 
Explains theory, construction and servicing of modern motor cars, trucks, buses, and auto type 
Diesel engines. 1540 pages, fully illustrated, 5 x 6/2 x 2. 55 chapters. Indexed. 

FEATURES: All the parts of an automobile—automotive physics—the gas engine—pistons—piston 
rings—connecting rods—crank shafts—the valves—the valve gear—cams and cam action—valve timing 
—cooling systems--gasoline—fuel! feed systems—the mixture—carburetors—automatic choke—suner- 
chargers—transmissions—synchro-mesh—clutches—universals and propeller shafts—the diterential— 
rear axles—the running gear—brakes—wheel alignment—knee action—steering gear—tires—lubrication 
—ignition systems—magneto ignition—spark plugs— ignition coils—distributors—automatic spark 
control——ignition timing——generators—starters—lighting systems—storage batteries—Diesel engines. 
A STANDARD BOOK FOR AUTO MECHANICS AND OPERATORS. 


[] AUDELS MARINE ENGINEERS HANDY BOOK .$ 


AN ENTIRELY NEW, MODERN, PRACTICAL TREATISE FOR MARINE ENGINEERS (ALL GRADES). 
FIREMEN, OILERS, MACHINISTS, HELPERS AND STUDENTS, WITH CALCULATIONS AND 
QUESTIONS AND ANSWERS FOR EXAMINATIONS. 

1246 Pages-—23 Chapters, logically arranged—-fully illustrated and Indexed for Ready Beference. 
Practical Information in a handy form covering all branches of Marine Engineering with step by stet. 
solutions on hundreds of problems: М 

Marine Engineering Physics—Combustion and Fuel—Steam and Its Properties——Marine Boilers—0il 
Burners—Fuel Oil——Marine Steam Engines—Engine Governors—Steam Turbines—Diesel Engines—Gas 
Engines—Pumps—Refrigeration—Lubrication—Pipefitting—Pipe Covering —Deck Machinery—Ship Pro. 
pellers—Marine Electrical Practice—Tables & Data—First Aid—License Requirements—-Specimen 
Examinations for Merchant Marine Engineer Licenses. я 

Indispensable for upprading, examinations and for ready reference. A library in one volume. 


CJ AUDELS PUMPS, HYDRAULICS, | 
AIR COMPRESSORS..................84 


A NEW MODERN, COMPREHENSIVE GUIDE ON PUMP, HYDRAULIC AND AIR PROBLEMS FOR 

ENGINEERS, OPERATORS, MECHANICS, STUDENTS, WITH QUESTIONS AND ANSWERS. 

1658 Pages—3 Books in one—fully illustrated. 

Practical Information covering: : 

PUMPS—SECTION A—S08 PAGES: Centrifupal— Rotary -Reciprocating Pumps—thelr theory, cane 

struction, operation and calculations. Air and Vacuum Chambers—Power Pumps—Air Pumps—Jet_Con- 

densers—Surface Condensers—Condenser Auxiliaries—Condenser Operation—Calcutations. Caoling Ponds 

тоо Tower Water Supply—Hydraulic Rams—Special Service Pumps—Automotive Fire Pumps— 
redges-—Code, 

HYDRAULICS—-SECTION B—S20 PAGES: Hydraulic Physics—Drives—-Machine Too! Power—Accumu~ 

lators——Elevators—Airplane Control—Automobile Brakes—-Shock Absorbers—Presses—Turbines. 

AIR COMPRESSION—SECTION C—406 PAGES: Compression—Work—Compressor Classification 

Parts, Types—Inter and After Coolers—Regulating Devices—Installation—Lubrication—Operation— 

Maintenance—Blowers—Superchargers---Pneumatic Hand Tools. 

A PRACTICAL TREATISE with a Ready Reference Index of 24 Pages. 





C] GUETHS MECHANICAL DRAWING.........$I 


A CONCISE DRAWING COURSE. 150 pages, 50 plates, size 6 x 9, flexible cover. 

A complete instructor and reference work on: Drawing tools and their use, drafting room and shop 
practice, laying out sheets and lettering, important rules for working drawings, three views and isometric 
simple models, Joints and carpentry work, machine drawing, projections, sections, intersections, warped 
surfaces, method of plan of elevation, method of vanishing point, shades and shadows, points, lines and 
planes, prisms and pyramids, spheres, screw surfaces, shadow perspective. How to use the slide rule. 


C ROGERS DRAWING AND DESIGN........ .$2 


MECHANICAL DRAWING SELF TAUGHT. 

606 pages, 600 illustrations (many full page drawings), flat-opening. 

A standard work, with all details so clearly explained that this valuable training is easily obtained 
without an instructor. Covers terms and definitions, how to use drawing board—instruments, T square, 
triangles, how to do lettering, shade and section lining, geometrical drawing, development af surfaces 
and isometric, cabinet and orthographic projections, working drawings, explains how to do tracing and 
make blue prints, how to read prints, machine design. Reference index, with valuable tables. How ta 
use the slide rule. A STANDARD STUDY TEXT FOR DRAFTING ROOM AND SHOP. 


L1] AUDELS MILLWRIGHTS & MECHANICS GUIDE .$4 


PRACTICAL LATE INFORMATION ON PLANT INSTALLATION, OPERATION & MAINTENANCE. 
1200 pages, completely illustrated, 5 x GY x 2, flexible covers, fully indexed. 1000 facts at your fingertips. 
For millwrights, mechanics, erecting maintenance men, riggers, shopmen, service men, foremen, inspec- 
tors, superintendents. 

Section 1: Mechanical power transmission-—2: millwrights and mechanics tools and their use—3: build- 
ing and construction work—4: plant operation and maintenance—5: installation and maintenance of 
electrical machinery-—6: practical calculation and technical Jata—how to read blue prints. 


L] AUDELS CARPENTERS & BUILDERS GUIDES 


A PRACTICAL ILLUSTRATED TRADE ASSISTANT ON MODERN CONSTRUCTION FOR CARPEN- 

TERS, JOINERS, BUILDERS, MECHANICS AND ALL WOODWORKERS. 

Explaining in practical, concise language and by illustrations, diagrams, charts, graphs and pictures, 

principles. advances, short cuts, based on modern practice. How to figure and calculate various jobs. 
ol. 1—Tools, steel square, saw filing, joinery, furniture—431 pages—12n9 illustratlons. b 
Vol. 2—Builders mathematics, drawing plans, specifications, estimates—455 pages—-400 illustrations. 

Vol. 3—-House and roof framing, laying out, foundations—255 pages—400 illustrations. 

Vol. 4—Doors, windows, stair building, millwork, painting—448 pages—400 illustrations. 

4 VOLS., 1600 PAGES, 3700 ILLUSTRATIONS, FLEXIBLE COVERS, $6. EACH VOLUME POCKET 

SIZE. SOLD SEPARATELY $1.50 A VOL. 


[7 AUDELS PLUMBERS & STEAMFITTERS GUIDES 


A PRACTICAL LLUSTRATED TRADE ASSISTANT AND READY REFERENCE FOR MASTER 
PLUMBERS. JOL NEYMEN AND APPRENTICE STEAM FITTERS, GAS FITTERS AND HELPERS, 
SHEET METAL WORKERS AND DRAUGHTSMEN, MASTER BUILDERS AND ENGINEERS. 
Explaining in plain language and by clear illustrations, diagrams, charts, graphs and pictures the 
principles of modern plumbing practice. „я 

Vol. 1—Mathematics, physics, materials, tools, lead work—374 pages—-716 diagrams. 

Vol. 2—Water supply, drainage, rough work, tests—a96 pages—6126 diagrams. 

Vol. 3—Pipe fitting, ventilation, gas, steam——400 pages—900 diagrams. 

Vol. 4—Sheet metal work, smithing, brazing, motors. 

4 VOLS.—1670 PAGES—3642 DIAGRAMS—FLEXIBLE COVERS, $6. EACH VOL. POCKET SIZE. 
SOLD SEPARATELY $1.50 A VOL. 


[1 AUDELS MASONS & BUILDERS GUIDES 


A PRACTICAL ILLUSTRATED TRADE ASSISTANT ON MODERN CONSTRUCTION FOR BRICK- 
LAYERS—-STONE MASONS—CEMENT WORKERS—PLASTERERS AND TILE SETTERS. 
Explaining in clear language and by wefl-done Illustrations, diagrams, charts, graphs and pictures. 
Vu advances, short cuts, based on modern practice—including how to figure and calculate 
various jobs. 

Vol. 1—Brick work, bricklaying, bonding, designs—266 pages. 

Vol. 2-—Brick foundations, arches, tile setting, estimating—245 pages. 

Vol. 3—Concrete mixing, placing forms, reinforced stucco—-259 pages. 

Vol. 4—Plastering, stone masonry, steel construction, blue prints—345 pages. 

4 VOLS.—-1100 PAGES—2067 ILLUSTRATIONS—COMPLETE SET, $6. EACH VOL. (POCKET SIZE, 
FLEXIBLE COVER) $1.60 A VOL. 


AUDELS ENGINEERS & MECHANICS GUIDES .$12 
O Single volumes I] fo 7...........each $1.50 
П Уоште 8.......................53.00 


HELPFUL INFORMATION IN HANDY FORM. + A 

For every engineer, mechanic, machinist, electrician, fireman, oiler, engineer student, this Master Set 
is a gold mine of daily, practical heips for workers in every branch cf engineering. A self educating study 
course for the student, the standard reference work for the chief. Thousands of rules, tables, calculations 
and diagrams make it easy to read and learn. Latest inside information on theory and practice of modern 
engineering for reference, study and review. Thousands of new short-cuts that make the job easier, 

$ pocket volumes with ready reference index, 4500 pages, 7750 illustrations. Easy to read. Highly en- 
dorsed. Help in securing engineer’s license. А 

Vol. 1—-Engine principles, valve setting, pumps. 470 pages, 847 ilIus, 

Vol. 2—Corliss, uniflow, pumping, contractors engines. 500 pages, 997 illus. 

Vol. 3—Locomotive, marine, turbine engines, indicators. 375 pages, 793 illus. 

Vol. 4— Gas, gasoline, oil engines, producers, aviation. 475 pages, 640 illus. 

Vol, 5—Steam, fuel economy, boiler construction. 525 pages, 755 illus. 

Vol. 6—Firing, oif burners, stokers, repairs, 575 pages, 999 illus. 

Vol. 7—Pipe fitting, heating, refrigeration, elevators. 550 pages, 1071 Ши$> 

Vol. 8—-Wiring and electrical reference. 1040 pages, 2600 illus. 


[С] AUDELS ANSWERS on Practical Engineering. .$1 


QUESTIONS AND ANSWERS COVERING THE FUNDAMENTAL PRINCIPLES GOVERNING PRAC- 
TICE OF STEAM ENGINEERING. FOR ENGINEERS, FIREMEN, MACHINISTS. 
288 pages, fully illustrated, handsomely printéd and bound. 


[ ] HAWKINS AIDS TO ENGINEERS’ EXAMS..... .$2 


AN EVER HELPFUL BOOK FOR EXAMINATIONS. 


(-) AUDELS SHIPFITTERS HANDY BOOK. ......... $1 


288 PAGES OF INFORMATION, INSTRUCTION, PICTURES AND REFERENCE CHARTS, TOGETHER 
WITH MANY SHORT CUTS AND TROUBLE SAVERS FOR SHIPFITTERS IN THEIR DAILY ROU- 
TINE. EVERY SHIPFITTER NEEDS THIS BOOK. NO OTHER TRADE BOOK LIKE IT. 


[-] AUDELS AiRCRAFT WORKER. ............ . 8M 


A HANDY POCKET BOOK FOR ALL MECHANICS, LEADMEN, LAYOU« MEN, DRAFTSMEN, DE- 
SIGNERS, APPRENTICES AND STUDENTS. 240 pages—tully illustrated and indexed. Flexible binding, 
Answers your daily questions with clear, concise practical information, oointers, facts and figures. 
9 Sections Covering: 1 Aircraft Materials, Terms, Parts—2 Blueprints, Working Drawings—3 Mathe- 
matics, How to figure—4 Layout and Bending—5 Tools and Machines—6 Riveting, Spot Welding and 
Hints—7 Fabrication, Blocking, Angles, etc.-& Assembly, Fuselage, Wing & Final. How to Use Tools— 
9 Tables & Data, Symbols, Army & Navy Specifications, etc. 


C PAINTING & DECORATING METHODS . .... . $2 


A TEXTBOOK FOR APPRENTICE AND JOURNEYMAN. PRODUCED UNDER DIRECTION OF INTER- 
NATIONAL ASS'N OF MASTER PAINTERS AND DECORATORS. 

Over 300 pages—fully illustrated. PRACTICAL INFORMATION- -EASV 16 UNDERSTAND, 
The purpose of this book is to help educate men to be first class journeymen house sinters and decora» 
tors. Painting problems are quickly and easily worked out by its aid. Ө % 
Covers tools, materials, outside and inside work, floor and wood finishing, paper fanging and. cafermining. 
A simple, progressive outline for each class of work, 


ГП AUDELS GARDENERS & GROWERS GUIDES 


EXPERT GUIDANCE FOR BETTER FRUIT, FLOWERS, VEGETABLES. 

Here is your opportunity to get a vast amount of expert plans—helps—hints—suggestions—secrets— 
short cuts—discoveries for better resuits. 

4 practical help reference volumes—1700 pages—rich, flexible covers-—hundreds of illustrations. 

Vol. 1—Working, fertilizing, irrigating, draining the soil—284 pages, fuliy illustrated. 

Vol. 2—Good vegetables and market gardening—443 pages, fully illustrated. 

Vol. 3—Fine fruit culture, cash crops—492 pages, fuily illustrated. 

Vol. 4—Beautiful flowers, successful cultivation, propagation. Over 500 pages, fully illustrated. 
EXCEPTIONALLY VALUABLE BOOKS FOR SUCCESSFUL GARDENING FOR PLEASURE OR PROFIT. 
COMPLETE SET OF 4, $6. SOLD SEPARATELY, $1.50 EACH.. 
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, L] AUDELS QUESTIONS & ANSWERS FOR 
ELECTRICIANS EXAMINATIONS. ........ . SÍ 


A PRACTICAL BOOK TO HELP YOU PREPARE FOR ALL GRADES OF ELECTRICIANS LICENSE 
EXAMINATIONS. A Helpful Review of all the fundamental principles underlying each question and 
answer needed to prepare you to solve any new or similar problem, which while being asked differently 
still calls for the same answer and knowledge. 

Covering the National Electrical Code, Questions and Answers for License Tests; Ohm's Law with 
applied Examples; Hook-ups for Motors; Lighting and Instruments; 250 Pages. Fuily indexed and 
Illustrated. Pocket Size. Flexible Covers. A COMPLETE REVIEW FOR ALL ELECTRICAL WORKERS. 


L1 AUDELS WIRING DIAGRAMS FOR 
LIGHT & POWER. .................. $1 


Electricians, wiremen, linemen, plant superintendents, construction engineers, electrical contractors 
and students will find these diagrams a valuable source of practical help. 

This book gives the practical man the facts on wiring of electrical apparatus. It explains clearly In 
simple language how to wire apparatus for practically all fields of electricity. Each diagram is complete 
and self-explaining—210 pages, illustrated. A PRACTICAL, HANDY BOOK OF HOOK-UPS. 


L] AUDELS HANDY BOOK OF PRACTICAL 
ELECTRICITY.....................$4 


FOR MAINTENANCE ENGINEERS, ELECTRICIANS AND ALL ELECTRICAL WORKERS. 

1340 pages, 2600 illustrations. Б 

A quick, simplified, ready reference book, giving complete instruction and practical information on the 
rules and laws of electricity—maintenance of electrical machinery—A.C. and D.C. motors—armature 
winding and repair—wiring diagrams—house lighting—power wiring——cable splicing —meters—bat- 
teries—transformers—elevators—electric cranes—railways—bells—sign flashers—telephone—ignition— 
radio principles—refrigeration—air conditioning—oil burners—-air compressors—welding, and many 
modern applications explained so you can understand. 

THE KEY TO A PRACTICAL UNDERSTANDING OF ELECTRICITY. 


Ci HAWKINS ELECTRICAL GUIDES ...10 Vols.—$10 


IN 10 FLEXIBLE POCKET BOOKS—$1 PER VOL. 

QUESTIONS, ANSWERS AND ILLUSTRATIONS. A PROGRESSIVE COURSE FOR ENGINEERS, 
ELECTRICIANS, STUDENTS AND ALL DESIRING A WORKING KNOWLEDGE OF ELECTRICITY 
AND ITS APPLICATION. , 

These books are especially for ambitious men who are training for advancement or likely to be called 
upon for work outside of their regular line; for ready reference, and all who want information regarding 
electrical appliances. 2 ? i 

A ready reference index, planned to render easily accessible all the vast information contained in the 
40 efectrical guides, 


C) AUDELS ELECTRONIC DEVICES..........$2 


TELLS WHAT YOU WANT TO KNOW ABOUT THE ELECTRIC EYE. 

> Covering photo-electric cells and their applications. Includes easily understood explanations of the 
workings of the electric eye, amplifiers, anodes, candfepower, color temperature, illumination, frequen- 
cies, photo tubes, grid basis, voltage, Hhoto-electric tubes, photocell, vacuum tubes, the oscillator, 
electron tubes, electrons versus atoms, Ohm's Law, wiring diagrams, 
A PRASTICAL BOOK ON ELECTRONICS, 


E] AUDELS ELECTRICAL POWER CALCULATIQNS . $2 


275 TYPICAL PROBLEMS FULLY WORKED OUT. 

Gives and explains the mathematical formulae and the fundamental electrical laws far all the everyday, 
practical problems іп electricity—Ohm's and Kirchhoff's laws for Direct Current—the generation and 
application of alternating current-—prohlems in series and parallel circuits——transformers—transmission 
lines—electrical machinery. Valuable motes on Radio Circuit Calculation. 

With 289 Diagrams, and Tables on Conversion, Wire Gauges and Capacities, etc. Ofher Data; Symbols, 
Formulae. 420 pages, fully diagrammed. Two parts (A.C.—D.C.). Indexed. 

EVERY ELECTRICAL WORKER C: STUDENT NEEDS THIS MODERN “MATHEMATICAL TOOL.” 


[1] AUDELS NEW ELECTRIC DICTIONARY. .... .$2 


FOR EVERY WORKER WHO HAS TO DO WITH ELECTRICITY. 

The language of your profession in convenient, alphabetical order so you can instantly locate any 
word, phrase or term. To be an expert in any line, you must "'talk the language." Audels New Electric 
Dictionary enahles you to understand and explain electrica! problems so your hearer will thoroughly 
understand you. 

Defines more than 9000 words, terms and phrases in plain and unmistakable language, compiled with the 
same accuracy and thoroughness that las characterized Audel books for 65 years. 

Valuable as an Encyclopedia of Electricity and as a Dictionary. 

AN ABSOLUTE NECESSITY TO EVERY ELECTRICAL WORKER AND STUDENT. 


C AUDELS NEW RADIOMANS GUIDE........$4 


A KEY TO THE PRACTICAL UNDERSTANDING OF RADIO. FOR RADIO ENGINEERS, SERVICE- 
MEN, AMATEURS. . 

750 pages, 400 illustrations and diagrams. Size 5 x 6*2. 

Features: Radio fundamentals and Ohnt’s Law—physics of sound as related to radio science—electrical 
measuring instruments—power supply units—resistors, indicators and condensers—radio transformers 
and examples on their designs—-broadcasting stations—principles of radio telephony—vacuum tubes— 
radio receivers—radio circuic diagrams—treceiver construction—radio control systems—loud speakers— 
antenna systems—antenna systems (automobile) —phonograph pickups—public address systems—aircraft 
radio—marine radio equipment—the radio compass and principle of operation—radio beacons—-auto- 
matic radio alarins—short wave radio—coil calculations—radio testing—cathode ray oscillograplis—- 
static elimination and radio trouble pointers—underwriter’s stanaards—units and tables. 
AUTHENTIC, CLEAR, CONCISE. 


[] AUDELS NEW ELECTRIC LIBRARY . .$1.50 a vol. 


FOR ENGINEERS, ELECTRICIANS, ALL ELECTRICAL WORKERS, MECHANICS AND STUDENTS. 

Presenting in simplest, concise form the fundamental principles. rules and applications of applied 

electricity. Fully illustrated with diagrams & sketches, also calculations & tables for ready reference. 

Helpful questions and answers. Trial tests for practice, study and review. Design, construction, operation 

and maintenance of modern electrical machines and appliances, Based on the best kncwledge and 

experience of applied electricity. ^ 

Vol. 1—Principles and rules of electricity, magnetism, armature winding, repairs—700 illustrations-— 
480 pages. 

Vol. 2—Dynamos, D.C. motors, construction, installation, maimtenance, trcuble shooting—573 illus- 
trations-—418 pages. 

Vol. 3—Electrical testing instruments and tests, storage battery construction and repairs—631 illus- 
trations—472 pages. 

Vol. 4—Alternating current principles and diagrams, power factor, alternators, transformers-—801 
illustrations—484 pages. К 

Vol. 5—A.C. motors, windings, reconnecting, maintenance, converters, switshes, fuses, circuit 
breakers—-1489 illustrations—498 pages. M 

Vol. 6—hRelays, condensers, regulators, rectifiers, meters, switchboards, power station practice—689 
illustrations —548 pages. 5 

Vol. 7—-Wiring—-house, light and power, circuits, high tension transmission, plans, calculations, code, 
marine wiring practice—1218 illustrations. 28 pages. 

Vol. 8—Railways, signals, elevators, ignition—1078 illustrations-—812 pages. 

Мој. 9—Radio, tetephone, telegraph, television, motion pictures—-793 illustrations—-576 pages. 

Vol. 10—Refrigeration, illumination, welding, x-ray, modern electrical appliances, index-—-1084 illus- 
trations-—674 pages. 

Vol. 11—Electric mathematics and calzulations-—700 pages. 

Vol. 12—Electric dictionary, 9000 words ani terms-—550 pages. 

COMPLETE IN 12 VOLUMES—EACH VOLUME SOLD SEPARATELY AT $1.50 EACH. 


